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A B S T R A C T
A collective action situation involves a group of people working together for a
common good or to resolve a common problem, even if their individual goals
may be in conflict with the common goal, and each other’s goals. Moreover,
it may be difficult for individuals to recognise that they are involved in a col-
lective action situation, or that their (relatively small) individual actions have
an impact on the collective. A community energy system for local energy gen-
eration and distribution is an example where community members need to
collaborate on energy allocation, but may be ‘collectively unaware’ of incipient
problems, such as blackouts, that originate from depletion of the fixed amounts
of energy that are available. Even if aware of the incipient problem, they may
be equally unaware of how their individual actions contribute to the collective
goal of resolving it.
In this thesis, we propose that socio-technical systems can be used for com-
puter - supported collective action, and in particular, that collective awareness
can be enhanced by appropriate features of the system interface, therefore in-
creasing the opportunities and prospects for successful collective action. Specif-
ically, collective awareness is defined as an attribute of communities that helps
them solve collective action problems. In relation to Elinor Ostrom’s institu-
tional design principles for self-governing institutions, this definition is trans-
lated into requirements for interface design and display which promote col-
lective awareness, including different interface elements, visualisation, social
networking, feedback and incentives.
To test the hypothesis, we design and implement a serious game for a com-
munity energy system, integrating the Imprudence viewer to support an im-
mersive 3D environment, the Presage2 agent-based simulation platform to
model different components, and OpenSimulator application server to support
real-time interactions. In this game, the participants have to avoid a collective
blackout by individually reducing their energy consumption by synchronising
and coordinating their actions. We then design and implement an interface to
the game with a set of features that meet these interface requirements, and
configure the system. Finally, we report the results of the experiments, which
show that when visualisation, social networking, feedback and incentives are
added to the serious game interface, users become ‘collectively aware’ of po-
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tential energy problems and they successfully coordinate their behaviour to
avoid them.
These results highlight the significant potential of serious games and gam-
ification in the development of infrastructure support for community energy
systems, and also indicate a more beneficial approach to the use of smart me-
ters in such systems: i.e. not just as a monitor for pricing and consumption, but
as a key enabler for direct action, feedback and incentivisation. Furthermore, it
provides the basis for defining a set of interface design principles for ‘smarter’
socio-technical systems which promote successful computer-supported collec-
tive action.
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I N T R O D U C T I O N
1.1 motivation
The objective of many socio-technical systems for the Digital Society can be
construed as resolving collective-action problems, such as distribution of phys-
ical resources (e.g. energy, water), management of shared physical space (e.g.
office, house, park) and participatory sensing applications (e.g. traffic, conges-
tion) (Pitt et al., 2013). However, in some large-scale situations such as Smart
Grids, it may be difficult for individuals to understand that they are part of
a collective-action situation. Using the human-infrastructure interface to cre-
ate the essential collective awareness (Sestini, 2012) would link the individual
actions and behaviours to achieve collective goals.
Smart Grids, an example of socio-technical systems, put the emphasis on
demand-response and active consumer participation in terms of energy use,
but to exploit most of these systems’ capabilities, houses should become ‘smart’
(Aiello et al., 2011; Lazovik et al., 2009; Frey et al., 2013). ‘Smart’ houses have
smart meters installed which display the energy consumption in real-time and
respond to price signals. Smart meters are mostly a data collection device (San-
duleac et al., 2011) with limited data representation, making it impossible for
consumers to correlate their energy consumption with the usage patterns (Wig-
gins et al., 2009). Therefore, smart meters should enable consumers to be the
ones who control and distribute the available energy resources. Smart meters
should be used as a mechanism for enhancing collective awareness for success-
ful collective action but, their current development make them insufficient to
promote this attribute in an energy community (Nowak et al., 2014a).
The goal of this thesis is to investigate how collective awareness can be en-
hanced by appropriate features of the system interface, and therefore to in-
crease the opportunities and prospects for successful collective action.
To test this proposition we developed a serious game in which participants
have to avoid a collective blackout by individually reducing their energy con-
sumption through synchronisation and coordination of their actions.
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1.2 context and scope
The concept of serious games is common in applications which simulate real-
world events and processes, with examples found in military, education, health
care, management and engineering (Nagarajan et al., 2012). Serious games
used in the energy sector, simulate the electricity network enabling users to
experiment with a game-like environment and learn about power and the dif-
ferent forms of energy.
A number of serious games have been developed for energy systems that
act as an educational tool and help energy consumers to better understand
concepts such as resource allocation, electricity prices and grid sustainability.
In such gamified environments, players use technology to solve environmental
problems including greener environment, optimised energy and water infras-
tructure, sustainable resources and reduced energy use.
Our suggested serious game, Social Mpower, is studied in the context of
decentralised Community Energy Systems (dCES), a type of Smart Grid. dCES
group different residences, geographically co-located which share resources
from a Common Pool Resource (CPR). dCES exhibit all the representative prop-
erties desired for our serious game; Photovoltaic (PV) cells installed on the
roofs of the residences, and each residence has a number of electrical devices
the occupants use. In such systems, users need to collaborate and synchronise
their actions to achieve a fair resource allocation and avoid energy problems,
i.e. blackouts (Bourazeri and Pitt, 2014b).
Social Mpower game is a representation of an autonomous energy community
for local power generation and distribution with no connection to aggregators
or the rest of the grid. In the notion of a serious game there are 87 players in
total, separated into groups of 2 or 3 players, and each gameplay lasts about 30
minutes.The objective of Social Mpower can be construed as resolving a collec-
tive action problem: players have to avoid blackouts by individually reducing
their energy consumption and sustain the CPR.
1.3 thesis structure
The body of this work is divided into five parts corresponding to eight chap-
ters; Requirements (Chapter 2), Platform Design and Implementation (Chap-
ters 3 & 4), Interface Design (Chapter 5), Game Design (Chapters 6) and Experi-
mental Results (Chapter 7). Figure 1.1 shows the order of these parts/chapters.
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Figure 1.1: Thesis Structure
Chapter 2 presents the detailed rationale behind the work: in communities
in which their members face collective action problems, one individual acting
alone cannot be sure that others will also do the same and thus collective
action problems are largely dependent on the participation of a ‘critical mass’
of community members.
We argue that collective awareness is a pre-requisite for successful collective
action in dCES, a type of Smart Grids, and that this awareness has to be shaped
through affordances of the ‘human-infrastructure interface’. We review alter-
native serious games implemented for the energy sector and we conclude that
some of the key requirements are omitted. We then identify the interface re-
quirements and affordances for shaping collective awareness and we propose
a serious game for dCES, the Social Mpower game, which manifests these fea-
tures. Our test hypothesis is that the more features for collective awareness are
added in our serious game, the more often the users can successfully coordi-
nate their behaviour to avoid an energy problem: in other words, increased
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collective awareness increases successful collective action.
Chapter 3 describes a novel platform architecture which is the base on which
Social Mpower game has been developed. This architecture integrates the Im-
prudence viewer to support an immersive 3D environment, the Presage2 agent-
based simulation platform to model different components, and OpenSimulator
application server to support real-time interactions.
Chapter 4 gives further details regarding the Social Mpower architecture. It
addresses the workflow of the system based on different incoming messages
and actions, and describes the data exchange between Presage2, OpenSimula-
tor and Imprudence.
Chapter 5 concerns the development of Social Mpower interface, designed as
a self-organising energy community in which there is no central control and
its members should collaborate for the share of the available CPR. Different
design affordances have been introduced to Social Mpower and describe all the
possible ways that users can interact with the interface.
Chapter 6 looks at the game design of Social Mpower in which players should
collaborate to achieve their goals. We implement this game in a specific virtual
environment with a fixed number of players and finite possible actions. Using
Social Mpower to represent a community energy system for a local power gen-
eration and distribution will portray the future energy needs.
Chapter 7 shows a series of experiments we run to give us empirical evi-
dence on whether the proposed interface features were successful or not to
promote collective awareness for successful collective action in an energy com-
munity. Based on statistical analysis and received feedback, visualisation, so-
cial networking, feedback and incentives enabled users to successfully coordi-
nate their behaviour and avoid potential energy problems.
Chapter 8 summarises this thesis, and gives conclusions that are drawn from
the work that has been done. We include a summary of the contributions and
limitations of the work presented, and we conclude with several suggestions
for future work.
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1.4 contributions
The main contribution of this thesis consists of three parts. The first part is
the problem definition; in many large-scale, ubiquitous computing systems
for the Digital Society, it may be difficult for an individual to recognise that
s/he is impacted in a collective action situation or, that any small individual
action can contribute to resolving a problem. The lack of coordination and
synchronisation of individual actions may lead to diminish the available com-
mon resources. The second part is the design and implementation of a serious
game, the Social Mpower, in which users have to avoid a collective blackout
by individually reducing their energy consumption. Finally, an experimental
set-up for testing the success of the different interface features is presented as
the third part of the contribution.
In particular, this thesis will describe:
• Collective awareness informally defined as an attribute of a community
that helps its members to resolve collective action problems in socio-
technical systems.
• Five interface features to promote collective awareness for successful col-
lective action in socio-technical systems; interface cues, visualisation, so-
cial networking, feedback and incentives.
• A generic architecture platform which can be used for supporting differ-
ent serious games and interfaces.
• An interface design that can be used for hosting different virtual worlds
(e.g. simulating Smart Grids or dCES).
• A serious game in which the participants have to avoid a collective black-
out by individually reducing their energy consumption by synchronising
and coordinating their actions.
• Different sets of experiments which prove that the more interface features
for collective awareness are added to Social Mpower, the more often the
users can successfully coordinate their behaviour to avoid a blackout.
In total, this thesis shows that this prosocial self-organising approach to
demand-side energy management offers an opportunity to empower users in
their different roles in (or relations with) the infrastructure, (e.g. prosumer, cit-
izen, investor, etc.), and that this will lead to more responsive and sustainable
energy use.
2
C O L L E C T I V E AWA R E N E S S I N S O C I O - T E C H N I C A L
S Y S T E M S
2.1 introduction
In many socio-technical systems for the Digital Society their objective can be
interpreted as resolving a collective action problem (Pitt et al., 2013). We argue
that collective awareness is an attribute of a community that helps it to resolve
collective action problems analogous to Ostrom’s social capital (Ostrom and
Ahn, 2003), and that the interface to the socio-technical system, where both
social and technical aspects act together for a collective purpose, should be
configured to enhance this attribute. We define a number of interface features
which are introduced to the human-infrastructure interface and enhance collec-
tive awareness: our hypothesis is that the more features supporting collective
awareness, the more likely it is that there will be successful collective action.
This chapter is structured as follows; Section 2.2 introduces socio-technical
systems which put emphasis on communities and groups of people, and their
objective is the resolution of collective action problems. Section 2.3 presents
the self-organising systems in which the individual components automatically
configure their internal state and structure to self-maintain depending on the
changes of their external environment. In Section 2.4 collective awareness is in-
formally defined as an attribute of a community that helps it to resolve a collec-
tive action problem, and we establish five interface requirements for enhancing
collective awareness: interface cues, visualisation, social networking, feedback
and incentives. One example of socio-technical systems is Smart Grids which
are described in Section 2.5, whereas Section 2.6 presents decentralised Com-
munity Energy Systems (dCES), a type of Smart Grid which group different res-
idences, geographically co-located, to form a Common Pool Resource (CPR) for
locally generated and stored energy. In Section 2.7 smart meters are presented
as a data collection device which is not supportive of collective awareness, as
its data representation is limited to energy consumption and for each house-
hold in isolation. In Section 2.8 we define serious games and gamification, and
their role in the energy sector is outlined. Three different games developed to
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motivate users towards energy efficiency are reviewed in Section 2.9, followed
by a summary and problem specification in Section 2.10.
2.2 socio-technical systems
Socio-technical systems encompass social aspects of people and societies, and
technical aspects of institutions and organisations, and their success or fail-
ure depends on the integration of these aspects. The social aspects concern
behaviours, attitudes, beliefs, values, norms, collaborations or even competen-
cies, whereas the technical aspects cover the technology, buildings and struc-
tures in general. In socio-technical systems, the incorporation of users becomes
the central point, but their activities and actions are coordinated by the institu-
tional rules (Geels, 2004). These systems place the emphasis on communities
and groups of people rather than on individual users, and their objective can
be construed as resolving collective action problems. These problems can be
resolved if collective awareness, an attribute of a community which helps to
resolve collective action problems, is added to socio-technical systems for the
Digital Society, and their interface is configured to enhance this attribute.
The Digital Society, a system with socio-technical appliances, is engineered
for solving collective action problems, such as distribution of physical resources
(e.g. energy, water, etc.), management of shared physical spaces (e.g. office,
house, park, etc.) and participatory sensing applications (e.g. traffic, conges-
tion, etc.). A collective action problem in general, involves a group of people
working together in some common space, but individuals may have a self-
interest which conflicts with the group interest, and costs of an action may fall
on an individual, but the benefits accrue to the group.
In some socio-technical systems, it may be difficult for an individual to recog-
nise that s/he is impacted in a collective action situation or, with a lack of
cause and effect, that any small action by the individual contributes to resolv-
ing the problem, especially if the effect is indirect, undetectable or long-term.
Therefore, an essential aspect of the socio-technical fabric (Ferscha et al., 2011),
is using the human-infrastructure interface to create the essential collective
awareness (Pitt et al., 2013), (Sestini, 2012).
To test our proposition that collective awareness is a pre-requisite for suc-
cessful collective action we use dCES, a type of Smart Grid (SESIG, 2013). A
dCES is a socio-technical system with the assistance of technical components
such as smart meters in which a group of geographically co-located individu-
als inhabit a community space, and they have to provision to, and appropriate
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from, a common-pool energy resource (Bourazeri and Pitt, 2014a). A dCES is
‘islanded’ from the grid and needs to be completely self-sufficient in terms of
energy generation, distribution and consumption (such systems are increas-
ingly common in rural communities and the developing world). However, if
demand exceeds generation plus storage, there will be a blackout; moreover,
one person acting in isolation cannot prevent the blackout. If users become
“collectively aware” of an incipient problem, then they can pro-actively coordi-
nate their behaviour (i.e. self-organise) and take a collective action to prevent
it.
2.3 self-organising systems
Self-organising systems are found both in nature such as galaxies, stars, cells
and ecosystems, and in artificial systems such as economies or societies (Banzhaf,
2009). Self-organising systems are systems in which the individual compo-
nents automatically configure their internal state and structure to adapt to
the changes of their external environment (Georgiadis et al., 2002). The self-
organisation is intrinsic and depends only on the interactions between the dif-
ferent components. These systems are dynamic, open and able to react in dif-
ferent ways to external stimuli (non deterministic). In self-organising systems
there is decentralised control (no constraints or impositions from the external
environment) and their objective is the self-maintenance, where the different
elements of the system are organised in a way to stabilise the system structure.
Collective behaviour is observed in self-organising systems which is usu-
ally derived from internal interactions, and concerns collective actions such
as resource control (Serugendo et al., 2011). Decentralised control indicates
that collective decisions may conflict with individual goals especially when
the different components need to share and appropriate the available system’s
resources. In an economy of scarcity, this challenge is even bigger as the avail-
able resources are fewer than those needed in total. In self-organising systems,
the system’s robustness and survivability are more important than a ‘fair’ or
‘optimal’ resource allocation (Pitt et al., 2011). According to game theory, in
cases where participants collectivise and distribute resources to achieve indi-
vidual goals, a ‘tragedy of commons’ is inevitable. A resource depletion can
be avoided if participants form an institution and define a set of rules for the
provision and appropriation of the CPR (Pitt et al., 2012b).
Elinor Ostrom identified eight principles (Ostrom, 1990), which are neces-
sary and sufficient conditions for creating enduring self-organising institutions.
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In particular, the first principle on clearly defined boundaries defines who is a
member of an institution and how the available resources are managed. The
second principle on collective-choice arrangements specifies that those affected by
the rules of the institution should participate in their selection, whereas the sev-
enth principle on no interference by external authorities states that the institution
cannot be over-ruled by an external body. These eight principles are not only
the basis for enduring self-organising institutions but also for self-aware self-
organising institutions (Bourazeri and Pitt, 2013) and they will be discussed in
more detail in Section 5.3.
2.4 collective awareness
Collective awareness is informally defined as “an attribute of communities
that helps them solve collective action problems”, i.e. analogous to the way
that social capital is defined by Ostrom and Ahn (Ostrom and Ahn, 2003) as
“an attribute of individuals that helps them solve collective action problems”.
Collective awareness is a critical aspect within communities which promotes
collective action; members of communities take the necessary actions as a syn-
chronised and accumulated body to reach a desirable outcome for collective
resources and services – water, electricity and data (Pitt et al., 2013). Collec-
tive awareness is the common knowledge that comes from social network-
ing, self-organisation and coordination, and it is the essential link between
self-organising communities and successful collective action (Pitt and Nowak,
2014a). In communities in which collective awareness is absent, individuals
are generally less willing to obey the norms or the rules, or able to under-
stand that their actions have an effect on the community (Fogg, 2002). Individ-
uals may understand the situation they are in from a micro-level perspective
(e.g. reducing individual energy consumption) and might additionally recog-
nise the macro-level requirement (e.g. meeting national carbon dioxide emis-
sion pledges); however, they might not be aware of interactions occurring at
the meso-level which are critical for mapping one to the other (Sestini, 2012).
There are communities where common resources are not sufficient for all their
members, and the lack of collective awareness may prohibit individuals from
changing their community behaviour or even taking actions that may lead to
depletion of those resources (Bourazeri and Pitt, 2014a). Collective awareness
can contribute to an efficient resource allocation within a community, ensuring
at the same time the long-term sustainability of that community (Bourazeri
and Pitt, 2013), (Pitt and Nowak, 2014b).
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The function of collective awareness of some proposition φ can be defined
as a two part relation; firstly a belief that there is a group (Equation 1), and
secondly an expectation that if someone is a member of that group, then s/he
believes the proposition φ (Equation 2):
Ba∃G.group(G) (1)
Ea(group(G)∧member(b,G))→ Bbφ (2)
If this holds for all (or most) members of the group, then we can say that
the group G is collective aware that (or of) φ (Equation 3). With collective
awareness, if someone else is a member of a group, then if s/he believes φ,
s/he will intend action A, i.e. under these conditions someone expects that if
you are a member of the community, then if a potential_blackout (φ) happens,
then you will turn something off (action A):
Ea(group(G)∧member(b,G))→ Bb(φ→ IbA) (3)
We consider collective awareness as being different from mutual knowledge
and, achieving collective awareness in a community requires formation of an
institution, regulation of behaviour within the context of the institution, and
the direction (or selection) of actions intended to achieve a common purpose.
Institutions can be defined as "the sets of working rules that are used to deter-
mine who is eligible to make decisions in some arena, what actions are allowed
or constrained, what aggregation rules will be used, what procedures must be
followed, what information must or must not be provided, and what payoffs
will be assigned to individuals dependent on their actions" (Ostrom, 1990). The
role of institutions in leading collective awareness is of critical importance, as
institutions can link individual actions and behaviours to achieve collective
goals. Self-organising institutions can represent and form a collective which
supports its individual members in understanding the relationship between
different actions and their outcomes. Transforming this information into col-
lective awareness requires a new form of institution which formalises different
models and concepts:
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• Groups of individuals and, Information and Communication Technolo-
gies (ICT) – enabled devices work together to achieve a collective purpose.
Both individuals and devices should operate different functions in differ-
ent contexts and a collection of all these functions should then become a
common knowledge or action to achieve a beneficial common goal.
• Social networking and interaction can develop collaboration and coac-
tion enabling the formation of collective awareness, interoceptive collec-
tive awareness (Pitt and Nowak, 2014a) as it has been called and it is
derived from internal processes which indicate a ‘physiological condi-
tion of the collective’ and stimulates pro-active behaviour to promote the
‘well-being’ of the collective. Interoceptive collective awareness is criti-
cally dependent on users’ participation and their choices, and it arises
when a large number of users adopts the same behaviour.
• Collective awareness is used to coordinate and influence behaviours, ac-
tions, beliefs, and achieve desirable macro-level goals – community re-
silience, social innovation and resource sustainability. Collective aware-
ness enables individuals to understand that a macro-level goal can be
achieved through a coordinated and synchronised action (Pitt et al., 2013).
We pay attention to the issue of collective awareness by identifying certain
interface requirements for Ostrom-style socio-technical systems as guidelines
for achieving collective awareness as a precursor to collective action. These
requirements are:
• Interface cues for collective action: users are participating in an action
situation;
• Visualisation: appropriate presentation and representation of data, mak-
ing what is conceptually significant perceptually prominent;
• Social networking: fast, convenient and cheap communication channels
to support co-ordination, synchronisation and orchestration;
• Feedback: individuals should know that their (‘small’, individual) action
X contributed to some (‘large’, collective) action Y which achieved bene-
ficial outcome Z;
• Incentives: typically in the form of social capital (Ostrom and Ahn, 2003),
itself identified as an attribute of individuals that helps them with solving
collective action problems (Bourazeri and Pitt, 2014a).
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2.5 smart grid
Smart Grids can be seen as a socio-technical system which use ICT to encap-
sulate demand-side management in the energy distribution and consumption
network. In a ‘traditional’ energy system, a set of consumers (e.g. households)
is served from the same central generator without being able to take part in
the energy generation or distribution (Bourazeri and Pitt, 2014b). Smart Grids
emphasise demand-response and empower energy consumers to have a more
active role in the electricity market either as producers or as consumers who
may want to reduce their individual energy consumption. The new energy
model is more flexible and responsive to demand-side and tries to meet nu-
merous goals; smooth peak demand, use of electric vehicles as an alternative
storage option, use of smart technologies to electrify transport and heating,
enhanced network security and increased energy generation from renewable
resources (see Figure 2.1) (Bourazeri et al., 2012).
Figure 2.1: Smart Grid Functions
Active demand-response requires synchronisation and balance between con-
sumer participation and real-time price signals, created from the current prices
in the electricity market. These competitive electricity markets and prices re-
2.5 smart grid 31
quire an advanced and smart infrastructure with sensors, communication links,
applied intelligence and real-time feedback. In order to exploit most of the new
infrastructure’s capabilities, the houses in Smart Grid should become ‘smart’.
Energy users may like to install solar panels or wind turbines to meet some
of their energy needs. The ‘smart’ house should have meters that are able to
display the energy consumption in real-time and have direct communication
with the network for the current electricity prices (Gantenbein et al., 2012).
This in-house real-time energy control urge energy consumers to respond to
real-time signals, either for their energy consumption or the electricity prices,
while it provides an insight to the relation between demand and price. Energy
consumers get indications on the origin of the electricity they use and its value
at each specific point in time (Driesen et al., 2007), and they can realise that
their individual actions contribute to the network and have an effect on it.
Power generation comes from renewable energy sources such as wind, bio-
mass and Photovoltaic (PV), and its transmission, distribution and consump-
tion are all close together to improve the network performance and operation
for the benefit of both the consumer and the environment. Power generation
and demand are both largely uncontrollable and they vary during the day and
season, with the maximum demand occurring in winter nights. Controllable
devices are required to reschedule and shift their operation, and various load
control programmes are applied to turn off devices for short periods of time
(Strbac, 2008). Consumers should also respond to different conditions within
Smart Grids and take actions to network congestions or high electricity prices.
Smart Grids encourage consumers to be smarter and take actions to an un-
precedented degree, but consumers lack the service options and pricing infor-
mation to make well informed and rational decisions. Consistent feedback is
needed to increase consumer awareness and explain all the changes and po-
tential benefits associated with the electricity network (Gantenbein et al., 2012).
Energy consumers could then take part in the markets, and local generation
could contribute in clean energy generation, increased efficiency and enhanced
sustainability. Consumers’ behaviours, needs and preferences should also be
taken under consideration for the development of Smart Grids as the introduc-
tion of smart technologies is not a guaranteed success by itself (Bourazeri et al.,
2012).
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2.6 decentralised community energy systems (dces)
Power systems and distribution networks face various problematic situations –
increased electricity costs, reserve capacity, inconsistent services due to power
outages or network overload – which need to be solved either by an aggre-
gated or central control body, comprising a portfolio of smaller units forming
a kind of ‘collective’. Demand-side management of energy distribution and
supply networks can be addressed by a user-centric, self-organising approach
(Bourazeri and Pitt, 2014b). dCES are a type of Smart Grid which group differ-
ent residences, geographically co-located, and form a CPR for locally generated
and stored energy. These dCES include PV cells installed on the roofs of the
residences, wind turbines and other sources for renewable energy generation
and storage. Electric vehicles are used as ‘distributed batteries’ to help with
the issue of storage, and each residence has a number of electrical devices the
occupants may wish to use (see Figure 2.2).
To do so, occupants have to provision to, and appropriate from, the CPR. In
each dCES, there are two concurrent and co-dependent provision and appro-
priation systems, one for energy generation and one for storage. Actions in
one system have effects on the other, and instead of each residence generat-
ing, storing and using its own energy, and thus suffering the consequences of
over- or under-production, supply and demand are cross correlated with the
common-pool which provides energy to all the residences in the dCES.
Figure 2.2: Decentralised Community Energy Systems
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In such a collective action situation, occupants need to collaborate and syn-
chronise their individual actions to prioritise the energy distribution and avoid
blackouts, achieve a fair resource allocation and sustain the community for the
long-term. To achieve a successful collective action, collective awareness is pre-
required and has to be shaped through a ‘human-infrastructure interface’ for a
socio-technical system (whose objective is the resolution of a collective action
problem) (Bourazeri and Pitt, 2014a).
2.7 smart meters
Smart Meters, an ICT-enabled device installed ‘at-the-edge’ of the electricity
network, allow both monitor and display of electricity consumption, as well
as communication between the central system and the energy users (Bouraz-
eri and Pitt, 2013). Smart Meters are mostly a data collection device which is
not supportive of collective awareness, as the data representation is limited to
energy consumption and for each household in isolation (Bourazeri and Pitt,
2014c). This data representation makes it almost impossible for users to cor-
relate their energy consumption and usage patterns. Current domestic Smart
Meters, through which information is supposed to be pushed, are perceived
as the imposition of a centralised, controlling technology with main emphasis
on pricing and energy markets, while the collection, aggregation and mining
of data have not been in the consumers’ interests (Bourazeri et al., 2012). More-
over, the use of markets and tariffs assumes that energy consumers are only in-
centivised by prices, something not necessarily well-suited to all energy users,
and which might, trigger wrong behaviours (Moere et al., 2011).
If the emphasis is to be given on the demand side, then Smart Meters should
be used as an indirect mechanism to treat consumers as a controllable grid re-
source and thus, it will be up to the consumers to determine how they will
distribute the available resources. Besides Smart Meters, users expectations of
energy on demand have to change and be replaced by an awareness and un-
derstanding that consumers’ individual behaviours and actions have an effect
on the grid, and they should develop a ‘life long’ relationship with critical
infrastructure like the energy network (Nowak et al., 2014b).
This ‘life long’ relationship requires three strands of research. The first is to
consider the Smart Meter as an ‘intelligent agent’ which operates on behalf of,
and in cohort with, the consumer. The second is to use smart interfaces to foster
the realisation in users, that in demand side, energy generation is a limited
and depletable resource (Ostrom, 1990). Thirdly, there is the move towards
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dCES, where users are both providers and consumers of energy (‘prosumers’)
and they have to provision to, and appropriate from, a common-pool energy
resource.
Smart Meters could be used as a vehicle for collective awareness, but their
current development makes them insufficient to “collective aware” energy con-
sumers and thus, they cannot be used as they are to test our hypothesis that
collective awareness supports successful collective action. A richer human-
infrastructure interface would create the essential collective awareness and we
test this proposition using a serious game for dCES.
2.8 serious games & gamification
Games are activities among two or more independent decision-makers who
want to achieve their goals in a specific environment. In the context of a game
there are rules, and players compete against their adversaries to meet their
objectives. But not all games are competitions; there are games where players
cooperate to achieve a common goal and there are not individual objectives.
Games may be played just for fun but there are games, called serious games,
that have a clear and intentional educational purpose and they are not in-
tended primarily for entertainment (Marsh, 2011).
Serious games are extensively used to simulate real-world events, inform
or make players aware, and trigger their problem-solving skills. These games
prepare people to work smarter by enabling them to visualise their actions and
explore different events in an intuitive way. Serious games are games in which
education in various forms is the primary goal rather than entertainment, and
they help users to develop skills such as decision-making, critical thinking
and analytical skills (Marks et al., 2008; Bulander, 2010; van der Hulst et al.,
2008). They are experiential environments that use characteristics of games to
deliver a message, teach a lesson or provide an experience. The main goal of
these games is to educate players while they entertain them. Serious games are
very effective in teaching and training players despite their age and they can
communicate their concepts in a very efficient way. Players, through their roles,
need to solve problems, set strategies and make decisions, without facing the
cost of real world consequences. Serious games allow players not only to learn
but also to apply and show what they learned during the game (Michael and
Chen, 2005).
The energy sector uses serious games to simulate the electricity network, so
users in a game-like environment learn that energy is a limited and depletable
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resource, and if gamification techniques are added to this environment, players
take part in ‘real-world’ collective action problems (Deterding et al., 2011).
Gamification is “the use of game elements in non-game contexts” (Deterding
et al., 2011). Gamification is a natural extension of serious games from artifi-
cial settings with self-contained game-defined rewards and “win” conditions,
to real-life situations where the rewards and “win” conditions may be rather
different. In real-life scenarios, in particular, very often the “win” condition
is sustainability, rather than termination of the game, i.e. the aim is to keep
the game going. Game design elements, rewards and reputation systems (e.g.
points, badges, levels and leader boards) improve the user experience, while
the introduction of social contexts facilitate the user engagement and collabo-
ration through gamified experiences (Huotari and Hamari, 2012).
Can serious games and gamification support collective action in a self - or-
ganising energy community? – Serious games will give the objective that play-
ers need to achieve, and that objective would be the collective action. Serious
games would provide the essential motivation to players, and because players
are the protagonists, the ones who take actions and make choices, the conse-
quences will happen to them (Michael and Chen, 2005). Players will practice
their skills and knowledge, and they will link the individual actions with their
consequences if they want to succeed and progress, whereas gamification tech-
niques will keep their interest and immersion.
2.9 serious games for smart grids
Serious games are used to train and educate people on science, health care,
management and engineering. Training people with serious games is more ef-
fective than other educational methods, and users can build knowledge and
skills during the learning process (Wouters et al., 2013). Energy systems are
a particular area where serious games have been widely deployed to achieve
a desired progress or change in player’s behaviour, while players better un-
derstand concepts such as resource distribution, electricity prices, investment
decisions and grid sustainability. In this section we will review three different
serious games for smart grids: CityOne, PowerMatrix and Power House.
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2.9.1 CityOne
IBM has been developing serious games for many years that teach problem
solving for real issues. IBM is going a step further with CityOne1 game, in
which players experience some of the most complicated problems currently
faced by cities. This game belongs to company’s smarter planet initiative based
on the concept that the world is becoming connected and intelligent, promot-
ing people to use technology to solve environmental problems.
CityOne gives players the opportunity to optimise banking, retail, energy
and water through an online, sim-based game, where players should complete
a series of tasks within a city. Players should improve their city by making
revenue and profits, make the environment greener and satisfy the citizens.
Players learn how they should manage a city and use new technologies to
propose innovative solutions in order to make the water cleaner and banks
more prosperous and user-centric. The game introduces players to real-world
planning and teaches industry problems.
CityOne captures real problems faced by banks, water and energy utilities
in an animated environment and creates a graphical representation of these
problems and their possible solutions. This game creates greater awareness and
teaches the public that a smart IT infrastructure can revolutionise the utilities
mentioned above by accelerating, changing and intergrating technologies.
2.9.2 PowerMatrix
Siemens Energy has developed the PowerMatrix2 game, an online game in
which players have to sustain an energy system for a city. This game tries
to inform players about the mechanics and rules of the energy market and
to provide details about the interactions between different power generation
types and Smart Grids. PowerMatrix is intended to general public, and players
become energy managers in a rural area whose aim is to grow a city by creating
an intelligent power generation and distribution network.
The possible energy sources include fossil fuels (gas, oil and coal), biomass,
nuclear and renewables, such as wind and solar energy. Players should create
an energy mix by combining the different energy sources and, the better the
mix the faster the city grows. Players should be careful with their available
budget to ensure that the resources are used in a sustainable and efficient way.
1 http://www-01.ibm.com/software/solutions/soa/innov8/cityone/
2 http://www.powermatrixgame.com/
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Players should also raise money to grow their power grid, and they should con-
stantly balance the energy output, operational cost, resource use and citizens’
satisfaction. Adding energy assets, investing in energy research and trading
the energy surplus help players to increase their earnings.
In a simulation and strategy environment, PowerMatrix presents an ide-
alised and simplified view of the energy systems, whereas it provides a de-
scription of today’s available technologies and solutions regarding the field of
energy.
2.9.3 Power House
Power House3 is an online, multi-player game which shows players’ real en-
ergy use coming from installed smart meters and sensors on their houses. Play-
ers have to complete different tasks regarding the energy efficiency of their
houses, and they are rewarded for these tasks with points in the game. In the
game, players inhabit in virtual houses in a virtual neighbourhood and they
are challenged with different tasks about the energy management of their fam-
ilies. In the virtual house, feedback in points tries to change players’ behaviour
and make them more aware of energy consumption, such as thinking about
lights in an empty room.
Power House is connected to Facebook which allows players to communicate
with their friends and other members of the online community and help each
other to save energy. There is a smaller game embedded in Power House in
which players try to complete different tasks in a virtual house (e.g. turning
on/off electrical appliances) by using the minimum amount of energy.
Stanford university via Power House tries to motivate people to reduce their
energy use and lower their bills. Gamification increases the energy savings
while it encourages users to change behaviour through different graphs and
plots which display the energy consumption. Power House’s gamified inter-
face trains people and introduces them to new concepts such as home energy
conservation.
2.9.4 Requirements
CityOne, PowerMatrix and Power House have been designed to visualise ‘real-
world’ problems and provide the needed motivation to people in order to
3 http://powerhouse.stanford.edu/?q=welcome
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collaborate. In all these games, players can see in real-time the consequences
of their actions and explore different permutations to achieve better outcomes.
In Section 2.4, we identified certain requirements for socio-technical systems
as necessary conditions for achieving collective awareness as a precursor to
collective action. These requirements should be also encapsulated by a serious
game to promote collective awareness:
• Interface cues: appropriate interface design to enable users to participate
in an energy problem situation occurring in the game.
• Visualisation: appropriate data representation to underline the important
game elements.
• Social networking: communication channels in the form of chat to enable
players to coordinate and synchronise their individual actions.
• Feedback: players can see in real-time how their individual actions con-
tribute to the collective.
• Incentives: different kind of rewards when players solve collective action
problems.
Table 2.1: Serious Games for the Energy Sector
Interface Elements CityOne PowerMatrix Power House
Interface Cues X
Visualisation X X X
Social Networking X X
Feedback X X
Appropriate Incentivation X
Table 2.1 summarises the key requirements for successful collective action in
a game, and which of these serious games satisfy them. A critical appraisal was
conducted to test whether these key requirements were enabled or visualised
on the games’ interfaces. Based on systematic review, this appraisal concluded
that some of these requirements are omitted. Moreover, the perspective of each
of these game is different; in CityOne and PowerMatrix games, players have
the role of energy manager, whereas in Power House the user is an energy
consumer. Therefore, we developed the Social Mpower game which includes all
of the above key requirements. We use Social Mpower to conduct experiments
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with different subsets of these collective-awareness enhancing requirements en-
abled, and measure the impact on people’s collective action problem-solving
(Bourazeri and Pitt, 2014a). The subject of this thesis is that the more features
supporting collective awareness, the more likely it is that there will be success-
ful collective action.
2.10 summary & problem specification
In this chapter we presented the motivation behind our work: in communities
in which their members face collective action problems, one individual acting
alone cannot be sure that others will also do the same and thus, collective
action problems are largely dependent on the participation of a ‘critical mass’
of community members. We argue that collective awareness is an attribute
of a community that helps it resolve a collective action problem and without
it, community members cannot form a synchronised and accumulated body
which works together for a desirable and collective goal.
Socio-technical systems emphasise communities and groups of people, and
their objective is the resolution of collective action problems, whereas in self-
organising systems the individual components automatically configure their
internal state and structure to adapt to the changes of their external environ-
ment. Smart Grids, the new energy model, can been seen as a socio-technical
system which undeline demand-response and empower energy consumers.
Smart Grids neglect the ‘user-infrastructure interface’ and they do not teach
consumers how to adapt to the modern technologies, hampering thereby ac-
tive consumer participation. However, in dCES which are a type of Smart Grids,
energy consumers have a more active role as they have to provision to, and ap-
propriate from, a common-pool energy resource. This approach encapsulates
Smart Meters which should provide the required awareness and understand-
ing that consumers’ actions have an effect on the grid.
We presented serious games and gamification techniques and we argued
that, energy sector should use serious games to simulate the electricity net-
work and incentivise users to take part in ‘real-world’ collective action energy
problems. We then reviewed serious games that have been used either from
universities or companies to train and educate people on energy issues – City-
One, PowerMatrix and Power House – and we concluded that none of these
games includes the interface requirements and affordances for shaping collec-
tive awareness. Therefore, to test our proposition we design and implement
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the Social Mpower game, a serious game which enhances collective awareness
and impacts people’s behaviour on collective-action problem solving.
3
A R C H I T E C T U R E D E S I G N
3.1 introduction
The base for successful collective action in a game is different interface require-
ments which increase collective awareness in an energy community. People’s
behaviour and actions regarding a collective action problem motivated us to
design and implement a serious game, the Social Mpower game, where users
have to share energy resources in an economy of scarcity.
Social Mpower architecture includes three different components; PreSage2
agent-based simulation platform, OpenSimulator application server which sup-
ports real-time interactions, and Imprudence viewer:
• Presage2 – A platform for simulating large populations of heterogeneous
agents. It enables inter-agent communication, event recognition, state rep-
resentation and changes, multi-threaded simulations, and simulation of
all the different objects (Macbeth et al., 2012);
• OpenSimulator – A 3D application server to support real-time interactions
(Fishwick et al., 2009);
• Imprudence – A viewer to display animated virtual worlds and build a 3D
immersive environment (LindenLab, 2015).
Presage2 is a simulation platform for Multi-Agent Systems (MAS) imple-
mented in Java, used for principled operationalisation and large scale sim-
ulations. Presage2 was chosen as it provides stable and robust prototyping
of Agent Societies in contrast to Virtual Institution eXEcution Environment
(VIXEE) (Trescak et al., 2011). MAS are applied to real-world applications and
simulations, and they are widespread in games and human-computer inter-
faces. In Presage2, agents can move, send requests about their location and
communicate with other agents. In Social Mpower game, Presage2 has been
extended and is used as an experimental platform for computations such as
energy consumption and operating time of electrical appliances.
In order to support the virtual world of Social Mpower, OpenSimulator, a 3D
application server, has been included to enable users control their avatars in
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the virtual world. Avatars can move around and interact with different virtual
objects. Imprudence is an open source viewer which supports animated virtual
environments. Imprudence allows users to personalise their world and avatars,
whereas different communication channels enable users to chat while they are
in the Social Mpower environment.
This chapter will deal with the development of Social Mpower architecture de-
sign. To develop this system, the three different components – Presage2, Open-
Simulator and Imprudence – were combined into an overall system architec-
ture. The rest of this chapter is divided into seven main sections. In Section 3.2
MAS are introduced as a prerequisite for the Presage2 simulation platform.
Section 3.3 then presents the instantiation of Presage2, whereas Section 3.4 de-
scribes how this simulation platform was extended in order to adapt to Social
Mpower requirements. Section 3.5 introduces the OpenSimulator, a multi-user
3D application platform which supports virtual worlds and environments. Im-
prudence is an open source viewer which supports animated virtual environ-
ments, where its instantiation and extension are presented in Section 3.6 and
Section 3.7 respectively. Section 3.8 presents the overall system architecture of
Social Mpower, followed in Section 3.9 by a summary of the work.
3.2 multi-agent systems
MAS are included in this work as a prerequisite for Presage2 simulation plat-
form. The term MAS is applied to a computerised system encompassing an
assembly of intelligent agents which actively interacts within an environment,
(Wooldridge and Jennings, 1995). Each agent is directly associated with a group
of other agents and it is capable, as an intelligent agent, to solve various prob-
lems by itself. Agents are capable of perceiving their environment through the
recognition of the objects located in this, and they can transform the state of
the system to which they belong to, by changing the positions and the rela-
tionships between the objects. Agents are autonomous, meaning that the com-
mands do not come from a user, but they are in form of individual goals to be
achieved or satisfied (Castelfranchi, 1995). Agents are only partially dependent
on their environment for the provision of resources, whereas they are indepen-
dent of it in terms of managing those resources. Thus, agents are both open
systems as they need external elements to survive and closed systems as they
strictly regulate exchanges with the external environment.
The formation of MAS requires definition of the agents’ structure and their
environment, and the actions that these agents have to perform within their
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environment (Ferber, 1999). Some of the most important features of an agent
are:
• communication – agents can communicate and interact with each other
(Genesereth and Ketchpel, 1994);
• reactivity – agents react to their environment to exhibit goal-directed
behaviour;
• responsibility – agents are responsible for their state, rights and roles
(Derakhshan et al., 2013).
MAS can be applied in real-world applications such as computer games or
human-computer interfaces. At the very beginning, human-computer inter-
faces only allowed one-way interaction between users and the application, and
this interaction is known as direct manipulation. But, users desire interfaces
and computer programs that in certain circumstances take initiatives and do
not wait for the user to give the command. That led to computer games that co-
operate with the user to achieve a goal. In entertainment or leisure applications,
MAS can simulate virtual environments consisting of various autonomous or
semi-autonomous agents that the user can interact with in real-time and have
a challenging and lucrative experience (Aylett et al., 2006).
3.3 presage2 platform instantiation
Presage2 (Macbeth et al., 2012) was chosen as the base on which we built the
Social Mpower game and it is the result of the improvement of the original
Presage platform. Presage2 is a simulation platform for MAS which is imple-
mented as a Java library and used for principled operationalisation. Presage2
supports modularity which allows the components’ reuse and does not impose
restrictions on agents’ computational complexity. Presage2 uses a discrete-time
driven simulation loop where, every agent at discrete time-steps submits ac-
tions after having observed its environment or performed any reasoning. In
every simulation loop there is a minimum unit time which is the same for
all agents. Presage2 allows the execution of multiple actions per agent per
time-step, satisfying the operation at multiple levels of granularity. At every
time-step, the shared state (state of the environment and agents) is updated by
the state transformer function which takes the agent’s current state and creates
the next state. The change of state may be non-deterministic if we add random-
ness, and it can be independent of an action. All changes at each time-step are
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applied atomically which means that the environment is static for all agents
and no action can be observed until the next time-step. In most MAS, agents do
not have entire access to the shared state, but the levels of accessibility can be
modelled for each agent in each simulation to enable the inter-agent commu-
nication.
A simulation in the Presage2 framework is consisted of four components:
Mt = 〈A, , τ,φ〉t (4)
where:
—A is the set of agents;
— is the environment state;
—τ is the state transformer function and
—φ is the state observability function.
The state transformer function includes a set of action handlers which process
specific actions introduced by agents and define the state changes, whereas
another set of functions, the environment functions, define the general state
changes. The state observability function includes a set of functions, the environ-
ment services, that provide high level access to a shared state (Macbeth et al.,
2012).
Various components consist the Presage2 platform, as shown in Figure 3.1.
The state engine and simulation loop are the base components required for
a simulation. The state engine manages the state of the environment and the
shared state of the agents, acting simultaneously as a data-store used by other
components which access the state value and perform state changes, whereas
the simulation loop executes correctly the different functions. Several compo-
nents such as action handlers, environment functions and environment ser-
vices need to be initialised for the simulation to run, while agents must be
created and should be linked to the environment and environment services.
An initial shared state of the environment and agents must be also created, con-
trolled and get parameters in order to run experiments.
Presage2 specifies a configurable area where agents can move, and each
agent is associated with a location state which defines its current location
within this configurable area. The platform also provides environment services
to agents which enable them to send requests and queries about their location
or of other agents, while an action handler manages the agents’ moves and
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Figure 3.1: Presage2 architectural block diagram
update their locations accordingly. Finally, another important feature is the
communication between agents through messages, and this will be discussed
in Chapter 4.
3.4 presage2 platform extension
Following the initial work presented in the previous section, the Presage2
simulation platform had to be adapted to the requirements of Social Mpower.
Presage2 was chosen, as it is able to accommodate a large number of agents
in large scale simulations and it can be extended to allow the implementa-
tion of different scenarios. Presage2 is used as an experimental platform for
computations such as energy consumption and operating time of electrical ap-
pliances. A custom implementation is included to calculate the time difference
between the start and finish time of an electrical appliance (Joda library1). The
agent model was re-implemented to exploit the Presage2 platform mechanics.
In order to integrate the Consumer module with the agent model, it had to be
converted to simulate the structure of a house with electrical appliances and
update its history (e.g. state of appliances, consumption, etc.).
The ‘physical world’ of the simulation environment was also adjusted to So-
cial Mpower’s specifications. Rather than being a single house with agents (e.g.
electrical appliances) occupied by one consumer, Presage2’s simulation envi-
ronment options were used to create a community of separate houses with
different appliances and various consumers. Agents represent avatars, electri-
cal appliances, animals and SmartMeter display boards on Social Mpower inter-
1 http://www.joda.org/joda-time/
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face. The conversion to a community environment provides an opportunity for
richer user interaction over a longer period of time and with multiple agents.
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Figure 3.2: Presage2 architectural block diagram with additions
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The architecture of Presage2 is presented in Figure 3.2. The diagram indi-
cates the additions required to build our framework and simulate the opera-
tions of our serious game:
A Servlet class to control each simulation request over Hypertext Transfer
Protocol (HTTP). This class reads the simulation parameters and enables the
environment services to use their values. As a result, it controls the agents of
the simulation and connects everything together. The Servlet class is not pre-
sented in Figure 3.2 as it is the class that calls Presage2, so the entire Figure 3.2
is wrapped by the Servlet module.
Social Mpower – Is the module that provides access to the environmental
services of Presage2 and along with the simulation parameters initialises and
executes the dCES scenario. This scenario consists of consumers, participants,
electrical appliances, simulation time and other environment related objects.
Consumer – Is the module that handles the current state of the house and
updates its database history based on the operations triggered by the agents
in the simulation. This functionality depends on specific house and appliance
IDs in order to calculate the overall consumption of an electrical appliance and
then update it in the database every time this appliance is turned either on or
off.
Participant – Contains all the necessary environment operations that Con-
sumer needs to implement for managing the state of the House. These op-
erations include the calculation of each appliance’s consumption, the update
of the current house and appliance state, as well as the trigger to update the
house history service. Access to these operations is based on a specific Uni-
versally Unique Identifier (UUID) which is used to distinguish and identify the
agent that initiates each operation.
Rule Service – Provides an interface to Drools Knowledge Base (Platform,
2015). This Knowledge Base contains a list of rules and definitions such as
pre-defined running time, default appliance consumption, and so on. It also
contains all those processes that act as action handlers for triggering the esti-
mation of energy consumption and production.
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House State – Is the main entity that holds the structure of electrical ap-
pliances and ensures that all actions submitted by agents are valid in every
given time. The House State maintains a list of the electrical appliances, their
states and all the necessary information in order for it to be retrieved and used
mainly by the Consumer. This entity keeps only the latest available state of
these objects and is used throughout the scenario to fetch their information ei-
ther to update the database system or to provide a detailed analysis at a given
time.
The simulation loop in Presage2 is discrete-time driven. In every time-step,
the function SocialMpower.execute() of each agent is called, in which each agent
sends a request with an action to Presage2 Service. Then, the SocialMpower
function is executed. For each time-step, after all agents have submitted their
actions, the state of the appliance is updated and the doApplianceConsumption()
function is performed, in which the consumed Watts for a given period are cal-
culated. The current consumption amount is updated and the database stores
the appliance’s current and history state. A response message is generated
based on agent’s action that defines the appliance’s state in the next time-step.
This loop is shown in Algorithm 1. Figure 3.3 shows the relation between the
main classes in Presage2.
Algorithm 1 Main execution loop for Presage2
begin
initialise;
repeat
for each agent action in agentActions do
/* Each agent sends a request with an action to the Service. Each request
is stored in a message queue */
call SocialMpower.execute();
end for
finalise;
procedure execute();
for each appliance in selectedHouse do
updateState(status, startTime, finishTime);
performApplianceConsumption(); /* Calculate consumed Watts for a
given period of time */
update current consumption amount;
store appliance’s current and history state to the database;
generate response message based on Agent’s action;
end for
until finished;
end
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Figure 3.3: UML class diagram
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3.5 opensimulator
OpenSimulator (Fishwick et al., 2009) is an open source multi-user 3D applica-
tion platform which operates virtual worlds and environments, and supports
multiple independent regions connected to one centralised grid. OpenSimula-
tor was chosen as it can be easily expanded and is compatible with numerous
viewers. It works similar to the web, where individual web servers are linked
together through the Internet. Different clients can access OpenSimulator on
various protocols, whereas an optional feature, the Hypergrid, allows users to
visit other OpenSimulator installations. Thus, a collective virtual shared space
is created which enables the convergence of physical reality into a virtual space
and sets the ground for a distributed Metaverse. OpenSimulator’s framework
is extensible to allow world customisation and is used to simulate environ-
ments similar to Second Life 2. OpenSimulator supports:
• online, multi-user virtual worlds ranging from one to thousands of sim-
ulators;
• virtual spaces of variable sizes within one single instance;
• various clients and protocols;
• real-time 3D content and virtual world customisation.
OpenSimulator displays a ‘physical’ place (virtual physical space) when a
user logs into, where avatars move and interact, and it is called region. Region
is a square area of land which may includes an island, mountains, buildings
and sea. Regions are organised according to their levels and positions in the
world, and the grid handles all the details about the things that exist across
regions.
Listing 3.1: OpenSimulator Configuration implementation
[DatabaseService]
StorageProvider = "OpenSim.Data.MySQL.dll"
ConnectionString = "Data Source=localhost;Database=opensim;User
ID=opensim;Password=opensim;"
[Network]
2 http://secondlife.com/
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http_listener_port = 9000
[GridService]
Region_s_MpowerInstitution = "DefaultRegion, FallbackRegion"
[DataSnapshot]
grid name = "Social MpowerInstitution" 
Listing 3.1 shows the database setup for OpenSimulator, where the data-
base is configured in the DatabaseService section. ConnectionString is a string
where OpenSimulator specifies all the details about the data source. It includes
the hostname or IP address of the database server, the database service name,
username and password. In this case, OpenSimulator connects to a MySQL
database called opensim, and it runs on the same machine as the simulator
(localhost). The user connected is the opensim with password opensim.
The Network section is responsible for making OpenSimulator accessible
externally through a firewall or router. The http_listener_port should be acces-
sible and by default is 9000. This port provides HTTP access to the simulator
and public services, such as login access. In the GridService section we define
the default and fallback regions for our grid which is the ‘s_MpowerInstitution’
region, whereas the DataSnapshot section is a class that implements OpenSim-
ulator’s interfaces and takes data from various parts of the ‘Social MpowerIn-
stitution’ scene and is analogous to a simple search engine.
Listing 3.2: OpenSimulator Login implementation
[LoginService]
WelcomeMessage = "Welcome to Social Mpower!"
HomeURI = "http://localhost:9000"
GateKeeperURI = "http://localhost:9000"
InventoryServerURI = "http://localhost:9000"
AssetServerURI = "http://localhost:9000"
[GridInfoService]
login = "http://10.10.200.226:9000/"
gridname = "Social MpowerInstitution"
gridnick = "s_MpowerInstitution"
welcome = http://10.10.200.226:9000/wifi/welcome.html
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register = http://10.10.200.226:9000/wifi/user/account
password = http://10.10.200.226:9000/wifi/forgotpassword 
Listing 3.2 shows the configuration of the Login Service, and which services
need to be accessed in order user’s details to become available upon login.
The ‘WelcomeMessage’ is displayed on the viewer login page when the user
connects to it, while the HomeURI is the home URL of the specific virtual
world (localhost) the viewer tries to connect to. OpenSimulator needs to know
the URL of the GateKeeper to access the available regions on the grid, control
and manage the user access to the grid. The GateKeeper service authenticates
all incoming connections to the grid. The InventoryServerURI points to the
inventory service that the login service needs to access in order to get the
user’s inventory. In OpenSimulator, the inventory service stores the user data
such as object items, notecards items and folders, and each inventory item
points to an asset entry. The last URL is the AssetServerURI which enables the
OpenSimulator to access the Asset Service which stores and serves the content
that populate the virtual world such as textures, 3D meshes and clothes.
The GridInfoService facilitates the configuration for all clients. With the Grid-
Info protocol, clients need only the URL of the user server to obtain parameters
such as the helper URI, the name of the grid and the short grid name. This ser-
vice provides information about the welcome page and the creation account
such as the user and password.
Listing 3.3: OpenSimulator Institution implementation
[s_MpowerInstitution]
RegionUUID = "e5a77892-88ca-4664-899c-aa9b2f632e43"
Location = "6783,4822"
InternalAddress = "0.0.0.0"
InternalPort = 9000
AllowAlternatePorts = False
ExternalHostName = SYSTEMIP 
Listing 3.3 presents the configuration of the Social Mpower region. Each
region has a unique ID and a specific (x,y) location on the grid. In virtually all
cases, the internal address of the region is “0.0.0.0” to enable OpenSimulator
to listen to any UDP connection on any of the server’s network interfaces. The
internal port is used for all incoming client connections with default port 9000.
A viewer can also use the same port externally, but each region should have a
unique port. The default for alternate ports is currently false, as it is only used
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for experimental reasons. Finally, the default external host name is ‘SYSTEMIP’
which becomes the LAN network address of every machine.
Figure 3.4: OpenSimulator standalone mode
In standalone mode configuration, OpenSimulator consists of various re-
gions and data services such as users and assets, that serve as a communication
link between the interfaces and the required resources. When the system runs
in this mode, both the region simulator and the data services run in a single
process, and a single machine can support various regions.
A viewer to connect to OpenSimulator in standalone mode needs the follow-
ing network access:
1. Transmission Control Protocol (TCP) connection over the http_listener_port
with 9000 being the default port.
2. User Datagram Protocol (UDP) connection over each region’s internal
port.
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3. The network address of the machine which hosts the OpenSimulator
must be accessible to the connecting viewer. If OpenSimulator needs to
be accessed on the same LAN then, only the local IP of the server is
required.
Figure 3.4 shows the OpenSimulator standalone mode configuration. The
Login service handles the user login and gets information to locate the login
response (avatar, inventory). This service stores clients’ details such as user-
name and password and uses those details to identify and authenticate users.
Moreover, it sends the IP address and port back to the client, so that he can
enter his region. The Asset service provides access to an asset storage (storing
and serving). It includes the content that forms the virtual world; textures, 3D
meshes and clothing. The main goal of this service is to operate asset requests
while protecting the assets from unauthorised parties. The Grid service holds
region information for a grid and records the status information for a user on
a grid such as home position or last position before the user’s logout.
OpenSimulator User Account service stores information such as first name,
last name, UUID, object items, notecard items and folders. The Inventory service
controls the access to a user’s inventory when an avatar comes from another
virtual world, and it protects the inventory items from abusive behaviour. The
other services can include the Gatekeeper service which is the entry point for
hyperlinks and user agents into a grid (grid-login service), and the Instant
Message (IM) service which receives and delivers IM from users that belong in
different regions or simulators. All these services can then connect to different
regions.
3.6 imprudence viewer instantiation
There are many compatible viewers which support OpenSimulator and they
could be used to visualise the Social Mpower interface. The grid selector and
grid manager components enable the multiple grid selection, including regions
and grids on localhost which can be modified. The graphical component en-
riches the user interaction, while users can customise their virtual world with
in-world scripts. Table 3.1 provides a review of the compatible viewers for
OpenSimulator.
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Table 3.1: Compatible Viewers with OpenSimulator
Viewer Name Grid
Selector
Grid Man-
ager
Graphical In-world
Scripts
Operating
Systems
Imprudence X X X X Windows,
Macosx,
Linux
RealXtend Nail X X X × Windows,
Macosx
Hippo Viewer X X X × Windows,
Linux
Looking Glass Viewer X × X × Windows
From this review we see that the viewers considered here (Imprudence3,
RealXtend Nail4, Hippo Viewer5 and Looking Glass Viewer6) differ little in
terms of features. All viewers have a grid selector and a graphical component,
whereas only one viewer does not support the grid manager feature. Their vast
difference is the support of the in-world scripts, and this is the main reason
why Imprudence viewer was selected.
Imprudence (LindenLab, 2015) is an open source viewer which is based on
Second Life viewer source and tries to improve the usability of virtual shared
space environments. Imprudence focuses on three aspects of usability; ap-
proachability which tries to improve the comfort and ease of use, efficiency
to speed and advance common tasks and workflows, and satisfaction to fulfil
users’ preferences and needs. High quality design is added to the open source
development and offers:
• open and public project management – public code in plain views;
• pro-change atmosphere – experimental change coupled with evaluation
is encouraged;
• distributed development model – easy-to-use extending and merging
tools;
• scalable and hierarchical model – a hierarchy model which tests, polishes
and approves changes.
Imprudence has introduced new features and user interface improvements
over the typical Second Life viewer. The avatar appearance feature enables the
3 http://wiki.kokuaviewer.org/wiki/Main_Page
4 http://realxtend.org/
5 http://forge.opensimulator.org/gf/project/opensim-viewer/
6 http://lookingglassviewer.org/wiki/Main_Page
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user to edit and personalise his avatar. This feature has two main components;
the body parts and the clothes. In the body parts component, users can change
the shape of their avatars and edit the body, head, eyes, ears and mouth. The
avatar skin such as colour, face details and body details can change, while the
hair colour and style, eyebrows and eyes can be customised. In the clothes
component, the user can change the colour and fabric of shirts, pants, shoes,
socks and skirts. Another extended feature is the ‘ground sit’ which enables
the avatar to sit down anywhere in its current location.
The building option enables users to customise their environment according
to their preferences. There are different geometric shapes such as cube, pyra-
mid, cylinder and sphere a user can choose from, and s/he can change their
position, size, rotation, hollow or skew. Different build math operations are
available and allow designers to use simple math operations to build various
desired objects. Imprudence supports the inventory service which is basically a
collection of all the in-world items an avatar owns or can access. The inventory
does not have a fixed size and can include folders with names such as ‘worn
items’ which shows all the items an avatar wears or ‘recent items’ with the new
items added to the inventory. The ‘body parts’ folder includes the four kinds of
items an avatar should wear; skin, shape, eyes and hair, while the ‘avatar cloth-
ing’ folder contains all the clothes an avatar can wear such as jacket, trousers,
shirt and shoes. In addition, Imprudence supports the teleporting which is an
instant change of location and the most frequent way of traveling in-world.
Imprudence provides two different ways of in-world communication. These
are text chat (on individual or group level) and voice chat. Text chat can be
divided into four types:
• Local chat – where everybody within a chat range of 20 meters can have
an in-world communication. Alternatively, users can choose the shout
option which has a range of 100 meters or the whisper option with a
range of 10 meters.
• Group chat – where you can send messages to a group as a whole. To
start a group chat, the user should be allowed to join that specific group.
The group chat can be a text only chat where you can communicate with
people from your friends list or with other users within a certain chat
range.
• IM – where you can have a private one-to-one conversation. IM does not
have a limited range distance, and when a resident is offline, s/he can
receive up to 25 messages the next time s/he gets online.
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• Conference calls – where you can talk to a group of people you choose
from an IM. Conference call is basically a private conversation between
two and up to twenty participants. It is similar to group chat, but anyone
from the friends list can be invited.
Three different types of voice chat are supported by Imprudence viewer and
these are the nearby voice chat, individual voice chat and group voice chat:
• Nearby voice chat – between residents that are in near distance in-world.
This type of chat is also called spatial voice chat and it is between online
avatars. In order an avatar to use it, s/he simply needs to walk to another
avatar and starts talking to him. The listening distance depends on the
position settings. When the voice comes from an avatar, you can hear this
voice up to 60 meters away, whereas if the voice comes from the camera,
this distance increases up to 110 meters.
• Individual voice chat – private conversation between two in-world resi-
dents. Residents can start a private voice chat session with a friend or a
conference call (private conversation) with a group of people they choose.
• Group voice chat – among residents who belong to the same group.
Group voice chat works similarly to nearby voice chat.There is a list of
residents who participate in a specific group and displays who talks or
types.
Gestures are another possible way of in-world communication. Gestures are
a set of animations (items) that add charm and personalisation to avatars.
Speech, music or sound effects allow the avatar to perform various activities
or actions.
3.7 imprudence viewer extension
Imprudence can be customised to enable users to explore and communicate
into a multi-user virtual world. Users can create virtual representation of them-
selves (avatars) and they can interact with other avatars or objects located on
the same virtual world. Imprudence features a 3D user-generated world, where
avatars can explore their world, meet and socialise with other avatars, take part
in individual or common activities, build and create their own items. Users
build virtual items by simply using geometric shapes in which interactivity
can be added to make them seem ‘real’. A multi-user virtual world enriched
with graphics and virtual objects can be applied to different areas:
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• Social network – a real-time virtual environment, sometimes even immer-
sive space, where people feel comfortable and secure via their virtual
representations (avatars).
• Education – use as educational applications or platforms by institutions
such as schools, colleges and universities to train both students and teach-
ers.
• Arts – users can express themselves creatively by designing buildings,
animals, objects and clothes.
• Science – virtual representation and visualisation of experiments, data
and results.
• Work solutions – companies create virtual workplaces to allow their em-
ployees to meet with each other, learn or get trained on specific products
and services, and practise.
• Role playing – virtual worlds are widely used for role-playing purposes.
Through different themes or specific rules that avatars should follow,
users have unique experiences (i.e. walk around in a medieval town).
The Imprudence viewer was chosen to perform a role-playing environment
with specific requirements, as it is able to accommodate different avatars in
a specific virtual world. This virtual world visualises an energy community
and the avatars have to role of consumer (a person who utilises energy). The
viewer was customised to comply with the dCES requirements (Section 2.6), as
when an avatar first logs into a region, s/he sees a pure land surrounded by a
deep sea. In order to integrate those requirements into a virtual world, Impru-
dence viewer had to be configured into an energy community with different
residences which form a CPR for locally generated and stored energy.
Rather than being an empty land with mountains, the ‘physical world’ of
the viewer was modified to represent a neighbourhood (community). Various
houses (residences) were added to the community to allow avatars to take part
in a provision and appropriation system, one for energy generation and one for
storage. PV cells installed on the roofs of those virtual residences produce the
energy for the community, whereas batteries store that energy. Each residence
is equipped with white goods such as fridge, washing machine, dishwasher
and oven, whereas small appliances such as coffee machine, TV and computer
are included (See Figure 3.5).
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Figure 3.5: Multi-User Virtual World Plan
Scripting language adds interactivity to the electrical devices enabling avatars
to ‘operate’ them. The default state of every electrical device is the off state (ex-
cept for the fridge which is always on). When an avatar operates a device,
a message is displayed on the screen informing the user that the device is
on while the colour of the button changes automatically; from red which im-
plies the device is off, it becomes green. An HTTP request is sent to Presage2
which triggers the startTime of that specific device and starts calculating the
consumption. Depending on the type of the device, they will either stop au-
tomatically after a pre-specified time period or the avatars will turn them off.
Another HTTP request is sent to Presage2 which triggers the finishTime and
the energy consumption ceases to be calculated. A message is displayed on the
screen showing the final consumption and the time the device was operating.
The execution loop of an electrical device is shown in Algorithm 2.
3.8 overall system architecture
Figure 3.6 shows the overall system architecture of Social Mpower. As it was
explained in Section 3.1, the main components of this system architecture are
the Imprudence viewer, the PreSage2 agent-based simulation platform, and
the OpenSimulator application server. The external environment (player) con-
trols the avatar through the viewer and thus, the avatar can perform different
actions (i.e. touch the animals or operate the electrical devices) on the interface.
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Algorithm 2 Execution loop for an electrical appliance
initialise;
repeat
for each avatar in allAvatars do
avatar.execute();
end for
for each device in ElectricalDevices do
touch_start();
end for
for each state do
/* each time the state of the device changes (on/off) */
setTimerEvent();
end for
generate changes from the avatar actions;
apply changes to the state of the device;
store state in the database;
until finished;
finalise;
These actions trigger the Social Mpower Service. This service is basically a wrap-
per class around Presage2 that uses it and enhances its functionalities, while
it provides access to the majority of parameters such as number of consumers,
start time and finish time of an electrical appliance, consumption estimation,
etc.
Social Mpower Service connects to Imprudence viewer and Presage2 through
HTTP requests/responses. Imprudence viewer sends a HTTP request to Social
Mpower Service with the houseID, applianceID and the status of the electrical
appliance. Then the Social Mpower replies with a HTTP message which includes
the consumption and duration of operating time of the device with the given
ID. Moreover, Social Mpower Service connects to Presage2. Presage2 receives
a HTTP request for a specific house and appliance, and it replies back with a
HTTP response which includes the consumption and the duration of operating
time of that appliance for that house.
In order for Imprudence viewer to connect to OpenSimulator the network
access should be configured; 1. TCP connection over the Login service and
http_listener _port. The default port is 9000 and it should be the same as the
one used by OpenSimulator. 2. UDP connection over each region’s InternalPort.
The UUID of the region, location, internal address and internal port should be
configured. 3. The network address of the OpenSimulator server should be
accessible to all incoming connections. If OpenSimulator is accessed from the
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same LAN, then only the local IP address of the server is needed, otherwise the
domain name of the server is required. Another alternative connection between
OpenSimulator and Imprudence is through the Login Service. Login Service
is the service that handles the login authentication process. OpenSimulator
sends a TCP message to the Login Service URI containing the name, password,
viewer version and other details about the viewer that wants to connect. Later,
Imprudence receives another TCP message from the Login Service URI which
tells the viewer where the login service of the server is (IP address and port
number).
Social Mpower architecture includes two different databases; MySQL for Open-
Simulator and Postgres for Presage2. OpenSimulator connects to MySQL data-
base on the same machine running the simulator. For this connection, MySQL
requires the hostname or IP address of the database server, the database name,
the username of the database and the user’s password. MySQL stores the dif-
ferent avatars, user accounts, assets and regions. Social Mpower Service and
Presage2 connect to Postgres database through SQL statements (select spe-
cific data from the database). Presage2 stores the houseID, applianceID and
consumption of each appliance and house, whereas the Social Mpower Service
stores the houseID, applianceID, the state of each device, and the operating
time for each of the electrical appliances.
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Figure 3.6: Social Mpower Architecture Platform
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3.9 summary
The work presented in this chapter has resulted in a novel architecture for
designing and implementing a serious game for community energy systems,
integrating the Presage2 agent-based simulation platform, the OpenSimulator
application server and Imprudence viewer. The effective evaluation of this sys-
tem will be accomplished by combining the system interface with appropriate
features that enhance collective awareness.
By showing that these modules – Presage2, OpenSimulator and Imprudence
– can be extended and integrated to the requirements of Social Mpower, we con-
clude that there is a need now to add protocols and communication messages
to enable the interactions between the various system’s components.
4
A R C H I T E C T U R E I M P L E M E N TAT I O N
4.1 introduction
In chapter 3, Social Mpower architecture was presented which includes three
different components adapted to specific design requirements; interface cues,
visualisation, social networking, feedback and rewards. Adding protocols and
communication messages, and enabling the interaction between avatars and
the system, this architecture can be set as the basis for creating a serious game
for resolving collective action problems in community energy systems.
This chapter covers the system’s inputs, outputs and data exchange based
on specific avatar’s moves and actions. Different communication and login
protocols enable the data exchange between OpenSimulator and Imprudence,
whereas incoming and outcoming messages define the interactions between
the different modules. Section 4.2 explains the different communication and
login protocols that have been introduced to Social Mpower architecture to
specify the parameters, interactions and modes of operation. These protocols
include the client-server protocol, simulator-external protocol, hyper grid pro-
tocol, teleport protocol, open grid protocol and Imprudence login protocol. Sec-
tion 4.3 presents the data exchange between Imprudence, OpenSimulator and
Presage2 when an avatar performs different actions in the virtual world (e.g.
turns on/off an electrical appliance, touches the SmartMeter display board).
Various interactions and communication messages are defined in Section 4.4
and specify the order in which they should occur to result in specific desired
outcomes. Section 4.5 gives the summary of this chapter.
4.2 protocols
Various communication and login protocols have been introduced to our sys-
tem to facilitate the data exchange between OpenSimulator - OpenSimula-
tor, Imprudence - Impudence and OpenSimulator - Imprudence. These well-
defined formats for exchanging messages specify the parameters, interactions
and modes of operation, and set the rules for internal communications. More-
over, they intend to evoke pre-determined responses to specific situations.
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These protocols include the client-server protocol, simulator-external protocol,
hyper grid protocol, teleport protocol, open grid protocol and Imprudence lo-
gin protocol.
4.2.1 Communication Protocols
OpenSimulator uses different communication protocols (OpenSimulator, 2015a)
which are divided into four categories:
1. Client - Server Protocol
2. Grid Service Protocol
3. Simulator - Simulator Protocol
4. Simulator - External Protocol
4.2.1.1 Client - Server Protocol
Client - Server protocol is the communication protocol between OpenSimu-
lator and a client/viewer, and includes the Linden Lab viewer protocol, the
SimulatorLogin protocol and the Logout protocol. The main protocol between
the simulator and the viewer is the Linden Lab viewer protocol which is di-
vided into UDP and HTTP messages. The UDP messages provide information
about the object updates and avatar position updates, whereas the HTTP mes-
sages are based on capabilities and event queue. Capabilities are mechanisms
by which a viewer has access to a region’s information and services, whereas
an event queue is a mechanism which enables the simulator to place messages
on a queue and send data back to the viewer.
The SimulatorLogin protocol comprises of four basic steps. In Step 1 the
viewer sends a request to the login service of the grid and this request in-
cludes the first and last name of the user, the user’s password, the version
of the viewer and the start location which can be either the home location or
the last location based on previous user’s logout. In Step 2, when the user is
authenticated, the simulator is contacted and receives a circuit code for that
specific viewer. When the simulator accepts the user, it receives all the user’s
details (Step 3) and in the last step (Step 4) the viewer connects to the simula-
tor and the authentication is done by using the circuit code.
The Logout protocol is initiated by the user when s/he quits from the viewer.
When the user quits from the viewer, a LogoutRequest UDP packet is sent to
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the region and then, the simulator replies with a LogoutReply UDP packet. The
region informs the grid user service that the user is logged out and tells the
viewer to start cleaning up the user’s data structure. The user’s neighbours are
also informed to close their agents for that region, as that specific user is no
longer online. The final step is the region to close the user’s attachments and
save any attachment script state.
OpenSimulator uses two protocols to transfer the inventory between a viewer
and an OpenSimulator installation. The first inventory protocol uses UDP mes-
sages and is used for specific inventory operations such as folder creations.
The other protocol uses HTTP for users who own large inventories. Another
UDP protocol is the GenericMessage protocol which carries UDP data between
the client/viewer and the simulator, and it flows both ways.
4.2.1.2 Grid Service Protocol
When OpenSimulator runs in standalone mode, all the communications occur
within this process. OpenSimulator can be divided into two parts; the simula-
tor itself which handles objects, avatars, physics, terrain, and a set of backend
services such as assets and inventory, that handle the data storage and it is
done over HTTP. The simulator also stores data about each individual simula-
tor such as object positions and prim inventory contents.
4.2.1.3 Simulator - Simulator Protocol
In some specific cases, simulators need to connect and communicate directly
with one another. One possible way is through teleports, where the communi-
cation is carried out over HTTP. Teleport is also a simulator-simulator protocol
apart from a client-server protocol as it has both client-simulator and simulator-
simulator components. Teleports represent the users’ transfers (through their
avatars in the virtual world) from one location to another. These locations can
be within the same region, between different regions but on the same simulator,
on different simulators in the same network and in the same grid, in different
networks on the same grid, or in different networks on different grids.
IM protocol is a simulator-simulator protocol that can be used by users being
on different simulators. Users are benefited from the available IM infrastructure
and they can exchange items.
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4.2.1.4 Simulator - External Protocol
With simulator-external protocols, simulator can be controlled and managed
externally. RemoteAdmin interface enables different operations such as tele-
porting, user creation and updating to be executed outside the simulator, and
there are different operations that monitor the current state of the simulator
and extract data using external calls.
4.2.2 Hypergrid Protocol
Hypergrid (OpenSimulator, 2015b) is an extension of OpenSimulator which al-
lows different simulators to connect over the Internet and supports the transfer
of user agents and assets among them. Hypergrid supports a Web of virtual
worlds, where users can choose to teleport to other regions and they are auto-
matically transferred to another virtual world without having to logout from
the world in which they were before. The hypergrid protocol provides infor-
mation about all the accessible regions on the grid, controls the user access to
the grid and authenticates the incoming connections (it works similar to the
login service). In this protocol, clients are assumed to be passive participants
who only interact with the server, and all the interactions between a client and
the virtual world are authorised from the virtual world in which the client is
connected to. Hypergrid protocol can be used as:
• Source of Teleport – initiates the teleport process when the viewer sends
a request and then, the destination grid service is contacted. Once ap-
proved, teleport process starts.
• Destination of Teleport – verifies the user agent and transfers inventory
requests (objects, assets, etc.) to the home grid inventory service.
Figure 4.1 shows the hypergrid teleport of an agent into a foreign grid. Gate-
keeper service receives a request from Region1 which asks information about
another region with a given UUID. If the Gatekeeper service finds that region,
all the requested details (external host name and internal port) are returned to
the source grid (Region1). Then the Gatekeeper service receives a login request
for a specific agent and this agent is authenticated from the UserAgentService.
The Gatekeeper notifies Region2 (destination source) that a connection is com-
ing. Region2 waits for the connection and the UserAgentService verifies that
the user is coming from Region1. If the verification is successful, Region2 re-
ceives all the incoming attachments of the new agent.
4.2 protocols 69
Figure 4.1: Hypergrid Teleport Protocol
4.2.3 Teleport Protocol
Teleport (OpenSimulator, 2015c) in OpenSimulator involves an exchange of
messages between the source region, the destination region and the viewer.
As it was mentioned on Section 4.2.1 there are various different scenarios of
teleporting in a Simulator-Simulator protocol. The simplest message exchange
is the teleport within the same region since avatars move within the region.
When the teleport is on the same simulator but on different regions, avatars
move from one scene and are placed in another without requiring another sim-
ulator, whereas in different simulators and different networks but on the same
grid, the teleport complexity is increased and a network dependency is intro-
duced. Finally, when the teleport is on different networks and different grids,
there should be an interaction between the source simulation, destination sim-
ulation and the viewer which makes this type of teleport the most complex of
all.
When the teleport is performed on the same simulator but on different re-
gions, there are three main steps; preparing, transferring and cleaning up. In
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Step 1, the teleport process can be denied, failed or cancelled. Communica-
tions can occur between a viewer and a source region, a source region and a
grid, and between different regions. Viewer sends a UDP packet to the simula-
tor which includes the co-ordinates of the desired destination region. In this
step, simulator checks if the user is allowed to teleport, and tries to retrieve in-
formation about the destination region. When everything is set up, the viewer
receives a UDP packet with all the details about the teleport in progress.
In Step 2 (transferring), communications can occur between a source region
and any neighbouring region, a source region and a viewer, a viewer and a des-
tination region, a source region and a destination region, a destination region
and any neighbouring regions and finally, between any neighbouring destina-
tion regions and a viewer. The source region sends the viewer a message which
contains information about the destination IP and port. If the agent’s request
is successful, then the user will be able to see events occurring in neighbouring
regions. The viewer sends a UDP packet to the destination region to establish
a new connection, and the destination region sends back all the available capa-
bilities on the simulator and an inter-region message which informs that the
connection was successfully established.
After the successful completion of Step 2, in Step 3 the source region is
cleaned up. The communication is between the source region and the viewer,
and the source region cleans up the source scene by removing the avatar and
its attachments (see Figure 4.2).
Figure 4.2: Teleport Protocol Procedure
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4.2.4 Open Grid Protocol
The Open Grid protocol (SecondLife, 2015b) is a 3-way communication be-
tween a viewer, an agent and a region, which facilitates the user experience.
The viewer is that element which acts on behalf of the virtual world and is the
direct proxy for a human to control an agent, whereas an agent is the entity
that interacts in the virtual world and with the user (through an avatar). A
location in the virtual world is called a region, and multiple agents can exist in
the same region at the same time. The basic flow of the protocol follows four
steps:
• The viewer authenticates to an agent domain and gets access for a specific
agent;
• The viewer points to the agent domain where to place the agent in the
region;
• The agent domain contacts the region domain for that particular region
and negotiates where to place the agent;
• The region gives access to the agent domain and then the viewer gets
access.
4.2.5 Imprudence Login Protocol
The Imprudence Login protocol (SecondLife, 2015a) follows eight different
steps to login the viewer to the simulator. These steps include:
1. The viewer contacts the user server via a checksum request (to check if
any errors were introduced during the transmission).
2. The viewer sends an XML-RPC message (HTTP post request) to the Login
server. The viewer gets information from the database about which avatar
to connect (first name, last name, password, viewer version, requested
location(IP address)).
3. The Login server contacts the database to authenticate the requested in-
formation.
4. The Login server decides which avatar to send to the simulator and sends
a request to start the login procedure.
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5. The simulator responds to the Login server and verifies that the user is
allowed on the simulator.
6. The Login server sends to the viewer all the required details such as agent
ID, session ID, secure session ID, simulator IP address and simulator
port.
7. The viewer sends the avatar and the session ID back to the simulator
(handshake).
8. The viewer gives rights to the avatar and the user server verifies the
simulator session (handshake).
During the request/response phase, some parameters are required to au-
thenticate the login process. There parameters include the first and last name
of the avatar, the avatar’s password, the name of the channel (it is used to dif-
ferentiate the viewers), the version and platform of the client, the IP address
and port of the simulator, the start location and the co-ordinates of the region.
4.3 data exchange
The following diagrams represent the data exchange between Impudence, Open-
Simulator and Presage2 when an avatar performs an action in the virtual
world.
Figure 4.3 presents the data exchange occurred when an avatar turns on
an electrical appliance. Firstly, Imprudence is connected to OpenSimulator
through an ObjectMediaRequest which contains the ViewerID. OpenSimula-
tor starts the service for that specific viewer and the local grid connector is
enabled. Then, the grid service starts for a specific user (avatar) and the lo-
cal simulation is enabled. The terrain for ‘v-sgInstitution’ is set up and the
region ‘v-sgInstitution’ which listens to channel -800 is added to the simula-
tion. Afterwards, Imprudence sends an HTTP request to Presage2 containing
the houseID, applianceID and the appliance’s status. The avatar sees a display
message which says that the appliance is ON, and the colour of the appliance’s
button changes to green. In Presage2, the Social Mpower Service is initialised
and the simulation gets 4 parameters (houseID, applianceID, status and dis-
play) which are added to the scenario. A consumer with a specific UUID is
created, and the appliance’s start time and status are stored to the database.
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Figure 4.3: The avatar turns on an electrical appliance
Figure 4.4 presents the data exchange occurred when an avatar turns off an
electrical appliance. Imprudence is already connected to OpenSimulator and
sends an HTTP request to Presage2 with the houseID, applianceID and status.
The colour of the appliance’s button changes to red. In Presage2 the session
is injected and the code for the specific consumer is run. The time difference
(in seconds) between the start and finish time of the specific appliance is es-
timated and then, the consumption is calculated (wattsPerHourConsumption
* seconds.getSeconds();). The simulation is now complete, and the appliance’s
status and consumption are stored to the database. Presage2 sends a JSONOb-
ject to Imprudence with the consumption. The avatar can see the consumption
accompanied with a message that informs him/her that the appliance is OFF.
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Figure 4.4: The avatar turns off an electrical appliance
Figure 4.5 presents the data exchange occurred when an avatar touches the
SmartMeter display board. Imprudence is already connected to OpenSimula-
tor and sends an HTTP request to Presage2. The HTTP request can contain two
different IDs; one for the current house consumption and one for all houses
consumption. In both cases, the session is injected in Presage2 and the code
for the specific consumer is run. Based on all appliances’ finish time, Presage2
calculates the total house or houses consumption. The simulation is now com-
plete and in Imprudence the consumption is illustrated on the SmartMeter
display board.
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Figure 4.5: The avatar touches the SmartMeter display board
4.4 communication messages & interactions
Incoming and outcoming messages are modelled and executed in Social Mpower
system, and define the interactions between the different modules and objects.
These operations follow a sequential order, result in concrete outcomes and
show how the program works through various interactions and communi-
cation messages. The following sequence diagrams present the messages ex-
changed between the Imprudence viewer, OpenSimulator and Presage2. These
messages specify the order in which they should occur and explain the result
of the system as a result of the individual components’ interactions.
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Figure 4.6: Avatar touches the SmartMeter Display Board
Figure 4.6 shows the interaction diagram that presents the order of the differ-
ent processes occurred when an avatar touches the SmartMeter display board.
The avatar’s touch triggers a sequence of events and messages whose order is
the following:
1. Imprudence sends a HTTP request to OpenSimulator with a houseID
(Step 2).
2. An object named viewerRequest is created which holds this information
and is available throughout the whole execution.
3. Presage2 connects and retrieves all appliances’ history from the database
based on the houseID (Step 3 & 4). PostgreSQL database stores the hou-
seID, applianceID, state of each appliance, start and finish time of each
appliance, and appliance’s power consumption in numeric form.
4. OpenSimulator responds with a list of “time-overall consumption” pairs
to Imprudence (Step 5).
5. Imprudence draws a visual representation of the house’s consumption
(Step 6).
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6. Imprudence sends a second HTTP request to Servlet to retrieve all houses’
consumption (Step 7).
7. Presage2 connects and retrieves all appliances’ history from the database
for all associated houses (Step 8 & 9).
8. OpenSimulator responds with a list of “time-overall consumption” pairs
to Imprudence (Step 10).
9. Imprudence draws a second visual representation of all associated houses’
consumption (Step 11).
In the database, there is a list containing the start and finish times of all the
appliances, while it stores the current time of each individual appliance. For
each specific time the overall consumption is calculated based on the following
rules:
• If an appliance has finished its execution before the given time, then its
consumption is retrieved from the table ’states_history’.
• If an appliance was active during the given time, then its consumption is
calculated based on the time difference between its startTime, the given
time and its default consumption.
Figure 4.7: Avatar touches a red button
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Figure 4.7 presents the messages exchanged when an avatar touches the red
button on an appliance. The avatar’s touch triggers the following events:
1. Imprudence sends a HTTP request to OpenSimulator with the houseID,
the applianceID and the appliance’s status set to ‘true’ (turning on) (Step
2).
2. An object named viewerRequest is created in OpenSimulator which holds
this information and is available throughout the whole execution.
3. OpenSimulator connects to the database and retrieves the current appli-
ance’s state based on the houseID and the applianceID from the table
‘states’ (see Figure 4.8).
4. A new record is created in the table ‘state_history’ (Figure 4.9) with the
same values.
5. OpenSimulator sends a successful response to Imprudence (Step 3).
6. Imprudence changes the colour of the button to green (Step 4).
When OpenSimulator connects to the database, it checks whether or not
there is a record for a specific appliance. If there is no record for this appliance,
one is created with the following values:
• startTime = current time
• finishTime = estimated finish time (different for each appliance)
• state = true
• consumption = 0.00
If a record for this appliance already exists (meaning the avatar has already
interacted with it) then it is updated with the following values:
• startTime = current time
• finishTime = estimated finish time (different for each appliance)
• state = true (it was false before)
• consumption= 0.00
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Figure 4.8: Database table ‘states’
Figure 4.9: Database table ‘state_history’
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Figure 4.10: Avatar touches a green button
Figure 4.10 presents the messages exchanged when an avatar touches the
green button on an appliance. The occurred events are the following:
1. Imprudence sends a HTTP request to OpenSimulator with the houseID,
the applianceID and the appliance’s status set to ‘false’ (turning off) (Step
2).
2. An object named viewerRequest is created in OpenSimulator which holds
this information and it’s available throughout the whole execution.
3. OpenSimulator connects to the database and updates the appliance’s fol-
lowing values in the table ‘states’.
4. Table ‘states_history’ is also updated with the same values in the data-
base.
5. Presage2 connects and retrieves all appliances’ history from the database
based on the houseID and applianceID (Step 3).
6. Presage2 calculates the time in seconds between the startTime and the
time the request was sent (Step 4).
7. Presage2 multiplies the time difference with the default consumption of
the appliance (depending on the appliance). The consumption of each
appliance (in Wh) is calculated based on the following formula:
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Ein = P ∗∆τ/60 (5)
where:
—P is power in Watts;
—∆τ = τoff − τon in mins.
8. Table ‘states’ is being updated with the estimated current consumption
of the appliance.
9. Table ‘states_history’ is being updated with the estimated total consump-
tion of the appliance.
10. OpenSimulator responds with the appliance’s consumption (Step 5).
11. Imprudence changes the colour of the button to red (Step 6).
12. Imprudence displays the consumption (Step 7).
When OpenSimulator connects to the database, it updates the appliance’s
following values in the table ’states’:
• finishTime = current time
• state = false
4.5 summary
This chapter has detailed the Social Mpower architecture implementation. Differ-
ent communication and login protocols are added to enable the data exchange
between the different components, while incoming and outcoming messages
follow a sequence order and show how the program works through various in-
teractions and communications. In the next chapter, the Social Mpower interface
is designed as a self-organising energy community where its members share
CPR (i.e. electricity).
5
I N T E R FA C E D E S I G N F O R S O C I A L M P O W E R
5.1 introduction
As we stated in Chapter 2, collective awareness is an attribute of a community
that helps its members resolve collective action problems, and we argued that
the interface to a socio-technical system should be configured to enhance this
attribute. We established five interface requirements; interface cues, visualisa-
tion, social networking, feedback and incentives, and we design an interface
that meets these requirements. This human-infrastructure interface creates the
essential collective awareness to “collective aware” users of an incipient prob-
lem, and thus users proactively coordinate their behaviour and take a collective
action to prevent it.
Chapters 3 and 4 were dealing with the development of a generic architec-
ture, whereas this chapter presents the implementation of an interface to a
specific serious game, the Social Mpower.
Elinor Ostrom (Ostrom, 1990) proposed eight different socio-economic prin-
ciples for self-governing institutions that help in sustaining common but lim-
ited resources. These principles, which are the basis of demand-side self - or-
ganisation, define who is a member of an institution, how the resources are
managed and distributed, and who is affected by the rules of this institution.
The rest of this chapter is divided into five main sections. In Section 5.2 the
electronic institutions are described; first Social Mpower can be presented as
an electronic institution, followed by the definition of the self-organising elec-
tronic institutions. Section 5.3 presents Elinor Ostrom’s socio-economic princi-
ples for enduring self-organising institutions and Section 5.4 shows how Os-
trom’s principles can be encapsulated by Social Mpower interface. Section 5.5
presents the design affordances of Social Mpower interface, and Section 5.6 de-
scribes certain requirements as necessary conditions for achieving collective
awareness as a precursor to collective action. In Section 5.7 the summary of
this work is given.
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5.2 electronic institutions
Social Mpower can be effectively designed and implemented as an electronic in-
stitution in which different heterogeneous (players and software) agents have
various roles and interact by different means. Electronic institutions can rep-
resent the rules of Social Mpower, regulate the different roles and determine
what actions the individual players are permitted or forbidden to undertake.
Human interaction takes place within the electronic institution, and thus it is
shaped including any type of constraints (Esteva et al., 2001).
According to Elinor Ostrom (Ostrom, 1990), self-governing institutions should
include the rules that specify the conditions concerning the provision, appro-
priation and monitoring of the CPR, and determine the operational, collective
and constitutional choice for the collective-choice rules. These rules should be
variable to adapt to the environment in which the institution is embedded,
as the environment may change according to agents’ actions or external au-
thorities, and they should determine who is eligible to make decisions, what
actions are allowed or constrained, and which prescriptions should forbid, per-
mit or require actions or outcomes (Pitt et al., 2014). Institutions should provide
mechanisms that encourage their members’ compliance with the institutional
rules. The selection or alternation of these rules should be based on collective
decision-making, and thus ensure a ‘fair’ outcome for each of the members
and an enduring institution with sustainable resources.
In terms of self-organising electronic institutions, Ostrom’s definition has
been extended, and they are defined as “a collection of agents plus a specifi-
cation of a dynamic norm-governed system which encapsulate a set of opera-
tional, collective and constitutional-choice rules, and the associated action sit-
uations, for realising self-organisation, self-regulation, and other self-* proper-
ties” (Petruzzi et al., 2014a). In self-organising electronic institutions there is no
central control and their members compete for the available resources, where
the optimal distribution of resources is less important than the endurance of
the institution.
Electronic institutions can be represented as a multi-agent system at time t,
where agents form into clusters and manage membership using access control
and exclusion methods, whereas each cluster determines a resource allocation
method (Pitt et al., 2012a). Electronic institutions can formally be defined by
ICt = 〈A,C,R,L〉t (6)
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where (omitting the subscript t if clear from context):
—A is the set of all agents;
—C is the set of action situations;
—R is a binary nesting relation on C and
—L is a dynamic norm-governed system specification.
Social Mpower can be defined as an electronic institution:
ICt = 〈(pi1,pi2,pi3), {V}, Ø, Ø〉t (7)
where:
—pii is player i and
—V is the action situation of the game.
Different degrees of freedom (DoF) define which agents can join the institu-
tion, whether cooperation among members is required, and how violations are
sanctioned. These degrees of freedom have an effect on agents’ behaviour in-
side the institution and they can change according to rules and decisions made
in the current state of the institution, in which they are encapsulated (Petruzzi
et al., 2014b). Agents can perform different actions and these include demand,
provision and appropriation, and they are related to the different conditions
they are placed on and the effects they have on the institution itself (Pitt et al.,
2014).
Electronic institutions represent the rules of a community and they can pro-
vide the structures that shape agent interaction with roles and relationships.
Electronic institutions can reduce the complexity of a multi-agent system by
including various sets of norms, enabling agents to play different roles and
interact with each other, trying to satisfy individual and/or common goals
(Muntaner-Perich and de la Rosa Esteva, 2007). Representing Social Mpower as
an electronic institution will allow players in the virtual energy community to
have different roles (e.g. consumers or participants) and permitted interactions
in any given state or scenario.
5.3 ostrom’s principles
The idea behind self-organising electronic institutions relies on Elinor Ostrom’s
work. Ostrom proposed eight different socio-economic principles, which are
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guidelines for designing and setting up an enduring self-organising institu-
tion. Different self-interested and autonomous actors need to self-organise in
order to share a common, yet limited resource, in a way to avoid its depletion,
without even having long-term interests for that resource. These principles are
essential elements for an institution and ensure the sustainability of a CPR. The
first seven principles are design principles that identify enduring institutions,
whereas the eighth principle is used in large and more complex systems (Os-
trom, 1990). These principles are listed in Table 5.1.
Principles 1-3 define and characterise CPR institutions. These three princi-
ples – clearly defined boundaries, well-adapting rules, and participation in
collective choice – should be able to create good sets of rules and used by any
institution whose objective is to become sustainable.
Principles 4-6 specify the appropriators (members) of an institution and their
behaviour. Violation of the operational rules will result in graduated sanctions,
depending on the seriousness of the offence. Conflict-resolution mechanisms
should be included in any institution to maintain its endurance and sustain-
ability.
Principle 7 deals with external governmental authorities which can challenge
the appropriators of an institution, whereas Principle 8 describes nested insti-
tutions (e.g. organised in multiple levels).
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Table 5.1: Ostrom’s Design Principles
1. Clearly defined boundaries.
The boundaries of a CPR should be clearly defined, as must the individu-
als or households who have the right to withdraw resources from the CPR,
including the limitation of unauthorised access to these resources.
2. Congruence between appropriation and provision rules and local con-
ditions.
Appropriation rules put restrictions on time, place, technology and quantity
of resources. These rules are related to the local conditions and provision,
that require labor, material and/or money.
3. Collective-choice arrangements.
Those who are affected by the operational rules should also participate in
the modification of these rules.
4. Monitoring.
Monitoring is done by appropriators or individuals who are accountable to
appropriators.
5. Graduated sanctions.
When a rule is violated, the individual who is liable for that, will suffer grad-
uated sanctions depending on the seriousness and context of the violation.
6. Conflict-resolution mechanisms.
Appropriators and their officials should have fast access to cheap conflict-
resolution mechanisms.
7. Minimal recognition of rights to organise.
The right to self-organise is not challenged by external authorities even if
specific instances of self-organisation (rule configuration) can be invalidated.
For CPR that are parts of larger systems:
8. Nested enterprises.
CPR that are part of larger systems and state that activities such as appropri-
ation, provision, monitoring, enforcement and conflict resolutions are organ-
ised in multiple layers and there should be a communication between these
different layers.
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5.4 encapsulation of ostrom’s principles
The goal is to design a serious game which encapsulates Elinor Ostrom’s prin-
ciples for enduring self-organising institutions (see Table 5.2). These principles
define who is a member of an institution, how the resources are managed
and distributed, who is affected by the rules of this institution and who can
participate in their selection. These principles are the base of demand-side self-
organisation and they should be supported by both the interface and the rules
of Social Mpower.
Table 5.2: Ostrom’s Principles encapsulated by Social Mpower
Ostrom’s Principles Visualisation in Serious
Games
Encapsulation in Social Mpower
P1 Clearly defined
boundaries
Game access X
P2 Congruence be-
tween rules and local
environment
Collective Rewards ×
P3 Collective choice
arrangements
Participatory Deliber-
ative Assembly
×
P4 Monitoring, Re-
porting & Enforce-
ment
Smart Meter, Visuali-
sation & Chat
X
P5 Graduated Sanc-
tions
Graduated Incentives X
P6 Conflict resolution Conflict resolution
mechanisms
×
P7 Minimal recogni-
tion of rights to organ-
ise
No interference from
external authorities
X
P8 Nested institutions Systems-of-Systems ×
Table 5.2 presents how Ostrom’s principles could be visualised in a Serious
Game and which of these principles are encapsulated by Social Mpower. Os-
trom’s institutional principles can be axiomatised and used for defining and
designing energy communities that ensure a ‘fair’ share of resources among
all members of these communities with long-term endurance for the collective.
Social Mpower should provide these principles/mechanisms combined with so-
cial networking and participation in a deliberative ‘Assembly’ room to promote
and support collective awareness for collective action.
5.5 design affordances 88
Principle P1: Social Mpower has been designed to simulate an energy com-
munity where users share CPR. Users need a membership to access the virtual
world and start playing. People from outside cannot access the game and can-
not take part in its norms and rules.
Principle P2: Users are the ones who use the CPR in this game and they
should be also the ones who create and define the norms for self-organisation.
In Social Mpower, users self-organise and they should also create their own
norms for the resource allocation and distribution.
Principle P3: An ‘Assembly’ room exists in Social Mpower where all users
should gather and make common choices and decisions about their energy
consumption.
Principle P4: Users can control their energy consumption in real-time and
they can see the effects of their actions on the community. Smart meters are
assigned this monitoring agency role.
Principle P5: A rewarding scheme (prize) has been introduced to Social
Mpower to give a sense of achievement to users when they avoid an energy
problem.
Principle P6: Social Mpower should provide different mechanisms such as
negotiation or mediation used to resolve occurred disputes.
Principle P7: No interference from external authorities ensures that the game
cannot be controlled or monitored from the external environment .
Principle P8: Nested institutions organised in different layers are allowed for
provision, appropriation, monitoring, enforcement and conflict resolutions.
However, principles P2, P3, P6, P8 are not represented in Social Mpower, as
presently users do not create their norms for the resource allocation and dis-
tribution, the ‘Assembly’ room is not used, no conflict-resolution mechanisms
are provided and there is only one institution. All of these principles will be
implemented in future work to test if collective awareness is better promoted
in Social Mpower.
5.5 design affordances
Design affordances are the design patterns introduced to Social Mpower which
propose all the possible ways that users can use the different objects on the
interface. The design affordances include both the actual and the perceived
properties of the objects and give an indication to users on how to operate
them (Gibson, 2013). Design affordances refer to the interactions between the
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users and the virtual world and thus users understand how to operate the dif-
ferent objects on the Social Mpower interface without requiring labels or instruc-
tions. The design affordances of Social Mpower interface refer to the following
objects/elements:
• Region
• Avatars
• Houses
• Assembly room
• Electrical devices
• SmartMeter display board
• Animals
5.5.1 Region
Region is the virtual physical place where avatars and animals behave, move
and interact. It is a piece of land which includes mountains, buildings, lake,
and sea which defines the region’s borders. In Social Mpower, the region repre-
sents a virtual environment which is ‘inhabited’ by a group of avatars and it is
self-sufficient in terms of its energy generation, distribution and consumption
(e.g. a common system in a rural community). This virtual energy community
includes residences with installed solar panels and the users have the usual
requirements to operate their electrical appliances.
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Figure 5.1: Social Mpower Region
Figure 5.1 shows the Social Mpower region. The region is the virtual space
with the virtual residences, lake and mountains where avatars move and com-
municate.
5.5.2 Avatars
Avatars are figures that represent particular persons in Social Mpower interface.
Female and male avatars have been designed according to human dimensions
and characteristics. They have a specific role in Social Mpower and that is the
role of prosumer (consumer who produces electricity as well as consumes it).
Users control the direction and movement of avatars using the WSAD key-
board keys or the arrow keys. Thus avatars walk around the community space
and interact with the different objects through touch. Avatars can use chat and
various gestures (speech, music or sound effects) to communicate with each
other.
5.5 design affordances 91
Figure 5.2: The different avatars
Figure 5.2 shows the different avatars that users come across in Social Mpower
interface. There are two female avatars and one male, but all of them have the
same role (e.g. prosumer).
5.5.3 Houses
Houses are virtual residences in the community space that have been designed
according to energy efficiency building standards. These residences include
large insulated windows to allow solar energy to heat the houses, whereas
solar panels installed on their roofs generate the required energy for the com-
munity. Various signs in the community space guide the users and support
them in their choices; the ‘welcome’ labels (mats) indicate to users where is
the entrance of each house, while the signs ‘single’, ‘couple’ and ‘shared’ en-
able users to choose a house according to their real-life profile. The doors of
the virtual houses are always open and avatars can easily and quickly enter
the houses.
Social Mpower interface tries to meet real-life standards and so, the houses
comprise of kitchen, dining room, living room and bedrooms. The kitchen is
equipped with electrical appliances, while sofas, beds, chairs, tables, desks,
bookcases, plants and flowers have been included to the rest of the house to
give users the feeling they are in their real homes. The avatars can interact with
the electrical appliances by touching the button that exists on them in order to
activate or deactivate these appliances. Social Mpower interface gives users the
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option to ‘sit here’ when the avatars touch the furniture and so, avatars can sit
on the chairs, sofas and beds.
Figure 5.3: Virtual houses
Figure 5.3 shows the virtual houses of the Social Mpower. In this figure we
see the electrical appliances and the solar panels which produce the required
energy for the virtual community.
5.5.4 Assembly Room
The Assembly Room is another house in the virtual environment that has been
included to serve as a gathering room for the users. This room has been de-
signed as a classroom with various chairs where avatars can sit if they choose
the ‘sit here’ option. Large windows have also been included to allow for solar
heat, whereas a board displays the electricity use of a typical household in
percentage. Figure 5.4 shows the Assembly room designed as a classroom.
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Figure 5.4: Assembly Room
5.5.5 Electrical Devices
Various Electrical Devices have been designed and included in the virtual houses
so that users can ‘cook’ or ‘clean’ their dishes and clothes. These electrical de-
vices are powered with electricity coming from the solar panels and they are
divided into two main categories; the white goods which are the major house-
hold appliances such as dishwasher, washing machine, fridge and oven, and
the small appliances which are the typical small electrical appliances for enter-
tainment such as TV, computer and coffee machine.
The avatar can interact with these appliances by touching the buttons (radio
buttons) placed on them. Every time the avatar touches a button, this changes
colour depending on the status of the device; red colour indicates an inactive
device, whereas green colour is for active devices. Pop-up messages appear
on the interface which inform the user whether an appliance is ON or OFF,
and they provide details regarding the time the appliance was active and how
much energy was consumed.
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Figure 5.5: Electrical Devices
Figure 5.5 shows the electrical appliances an avatar finds in the kitchen of a
virtual house. We see the washing machine, dishwasher, coffee machine, oven
and fridge.
5.5.6 SmartMeter Display Board
In every house there is a SmartMeter Display Board whose objective is to provide
information regarding the individual and community energy consumption. It
has been designed as a simple white board with horizontal and vertical axes,
where the horizontal axis represents the time in a 24-hour notation, and the
vertical axis represents the consumption in Wh starting from 0 to 10.000 Wh.
Three different lines are imprinted on the board with the red line showing the
maximum available energy, the blue line displaying the individual consump-
tion, and the green line the community consumption. The blue and the green
lines fluctuate depending on the individual or community energy consump-
tion. Every time an avatar touches the board, it gets updated with the latest
information.
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Figure 5.6: SmartMeter Display Board
Figure 5.6 shows the SmartMeter Display Board. There are two axes, one for
the time period of a day and one for the consumed energy. Moreover, three
different fluctuating lines are displayed; individual consumption, community
consumption and maximum energy limit.
5.5.7 Animals
Various Animals such as dog, cats, turtles and ducks can be found on the com-
munity space. The avatar can interact and ‘play’ with these animals by touch-
ing them. The inclusion of these virtual animals was not required in the design,
but with these elements the experience in the Social Mpower becomes more en-
joyable and engaging. In Figure 5.7 we can see a virtual dog and a virtual
cat.
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Figure 5.7: Virtual animals
5.6 interface requirements
To enhance collective awareness (an attribute of communities that helps them solve
collective action problems), the interface to a socio-technical system (whose ob-
jective is the resolution of a collective action problem) needs to be configured.
Collective awareness has a critical role in the formation of institutions, the reg-
ulation of behaviour within the context of an institution, and the direction (or
selection) of actions intended to achieve a common purpose. We consider col-
lective awareness as being different from mutual knowledge, and we identify
certain requirements for dCES as necessary conditions for achieving collective
awareness as a precursor to collective action. Our hypothesis is that the more
features supporting collective awareness, the more likely it is that there will be
successful collective action. These requirements are:
• Interface cues
• Visualisation
• Social networking
• Feedback
• Incentives
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5.6.1 Interface cues
In Social Mpower interface, different interface cues are introduced to induce
users to participate in a collective-action situation. Interface cues are used
to guide the user interface interaction and communicate different behaviours
to users. Users are informed about the different tasks they should complete
and they receive feedback regarding their actions. Specifically, users become
members of a virtual energy community whose objective is the resolution of a
collective-action problem; within a specific amount of available energy, users
should complete specific tasks.
Visual interface cues enable users to observe the causes and effects of their
individual actions on Social Mpower interface. Visual cues are divided into two
categories:
• Graphical cues
• Textual cues
The graphical cues inform users (e.g. send alerts) about upcoming problems
and emphasise user’s actions and states of the system. The SmartMeter display
board is used as a graphical cue whose objective is to inform users about
their energy consumption both on individual and common basis, and displays
the limit of the available energy. Textual cues are used to link the illustrated
information available on the SmartMeter display board with text messages that
users receive regarding their energy consumption. Users can also get advice
on how to solve potential problems, i.e. help information.
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Figure 5.8: Interface cues
Figure 5.8 shows the visual cues of Social Mpower interface. The help but-
ton provides information to users regarding potential problems they might
encounter during the interface exploration, whereas the SmartMeter display
board provides information about the energy limit, individual and community
consumption.
5.6.2 Visualisation
Social Mpower interface provides appropriate presentation and representation
of data, making what is conceptually significant, perceptually prominent. Ev-
ery house in Social Mpower has a SmartMeter display board. These boards
display the energy consumption of every individual house and the total com-
munity consumption. The energy consumption is clearly illustrated through
a line graph, where the lines have different colours depending on the infor-
mation displayed each time, and they fluctuate based on the consumed power.
There is another board in every home which shows in percentage the con-
sumption of the most common kitchen appliances. This board helps users to
estimate how much electricity each appliance is using.
Figure 5.9 shows the SmartMeter display board, in which the different lines
regarding the energy consumption are distinguished. These lines are fluctuat-
ing and they represent the individual consumption, the community consump-
tion and the maximum limit.
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Figure 5.9: Data Representation – SmartMeter Display Board
Figure 5.10 shows an approximate representation regarding the daily power
consumption of the electrical appliances. Pies charts were selected as they show
in percentage the watt-hours consumption. This pie chart provides a deeper
insight on how the power is being used in a household.
Figure 5.10: Data Representation – Pie Chart
5.6.3 Social networking
Social Mpower interface supports fast, convenient and cheap communication
channels to support the propagation of data. As it was mentioned in Sec-
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tion 3.6, the Social Mpower interface can support four different types of text
chat:
• Local chat
• Group chat
• IM
• Conference calls
Users could take advantage of the different types of text chat to communi-
cate upcoming energy problems and coordinate with others a plan or schedule
to avoid them. Social processes could help in self-organisation and resolution
of collective-action problems.
Figure 5.11: Social Networking – Local chat
Figure 5.11 shows the chat communication (local chat) between two users
(consumers). Through chat, users can synchronise their actions and prevent
potential energy problems.
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5.6.4 Feedback
In Social Mpower, users should know that their (‘small’, individual) action X
contributes to some (‘large’, collective) action Y which achieves beneficial out-
come Z. In many collective-action situations, individual users may not recog-
nise that their small actions can contribute to resolve a problem, especially
if the effect is indirect, undetectable or long-term (e.g. climate change). Real-
time feedback includes all the necessary information (e.g. power consumption
of electrical appliances) that users should know to proactively coordinate their
behaviour and take collective actions to prevent energy problems.
Figure 5.12 shows the real-time feedback that users receive regarding their
power consumption. The real-time feedback provides details regarding the
power consumption of each individual electrical appliance and the time period
the appliance was active. Players get a sense of how much power an appliance
consumes enabling them to schedule the appliance’s use in such a way to avoid
energy problems resulting from power’s excessive use.
Figure 5.12: Real-time feedback
5.6.5 Incentives
Rewards and incentives typically in the form of social capital (itself identified
as an attribute of individuals that helps them with solving collective action
problems (Ostrom and Ahn, 2003)) give to users a sense of achievement when
they avoid energy problems. The rewards are assessed at the end of the game
and are given to players who have completed their tasks without having ex-
ceeded their energy limit. Introducing social capital mechanisms and rewards
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in form of prizes to Social Mpower interface, could benefit users both in individ-
ual and group level, as these mechanisms and rewards support and promote
successful collective action.
Figure 5.13: Incentives – Reward
Figure 5.13 shows the prize that users receive when they successfully prevent
an energy problem. Rewards encourage users to try harder to resolve collective
action problems and win the prize.
5.7 summary
The research of this chapter has resulted in the design and implementation
of an interface to a serious game, the Social Mpower game. Electronic institu-
tions are defined as “a collection of agents plus a specification of a dynamic
norm-governed system which encapsulate a set of operational, collective and
constitutional-choice rules, and the associated action situations, for realising
self-organisation, self-regulation, and other self-* properties” (Petruzzi et al.,
2014a).
Ostrom’s socio-economic principles are guidelines for designing and setting
up an enduring self-organising institution, and we conclude that these prin-
ciples should be encapsulated by Social Mpower interface to represent a self-
organising energy community which ensures a ‘fair’ share of resources among
all members with long-term endurance for the collective.
Design affordances are the design patterns of Social Mpower which define the
interactions between the users and the virtual environment. The Social Mpower
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interface should enhance collective awareness as a precursor to collective ac-
tion and this collective awareness should be supported by various interface
requirements; interface cues, visualisation, social networking, feedback and in-
centives.
6
G A M E D E S I G N
6.1 introduction
In Chapter 2 we defined a number of interface requirements – interface cues,
visualisation, social networking, feedback and incentives – which when intro-
duced to a human-infrastructure interface they enhance collective awareness.
The work in Chapters 3 and 4 resulted in a novel architecture for designing and
implementing a serious game for community energy systems, integrating the
Presage2 agent-based simulation platform, OpenSimulator application server
and Imprudence viewer.
In Chapter 5, we presented an interface to a serious game that meets the key
interface requirements mentioned above, promotes collective awareness and
enables players to solve energy-related collective action problems. Encapsulat-
ing Elinor Ostrom’s principles in Social Mpower interface would ensure that
all players receive a ‘fair’ share of the common resources (e.g. energy) with
long-term endurance for the community.
This chapter presents the game design of Social Mpower. Social Mpower fol-
lows the game characteristics and fundamentals based on Chris Crawford’s
work (Crawford, 2003). Section 6.2 explains that Social Mpower belongs to co-
operative gameplay which allows players to collaborate in order to achieve
their goals. The game takes place in a specific virtual environment with a fixed
number of players and finite possible actions. Section 6.3 presents the Social
Mpower game which is a representation of a community energy system for
local power generation and distribution, and portrays the future energy com-
munities. Section 6.4 explains the different components required to play the
game. These specific tools of play provide rich interaction between the player
and the game through simple movements. Section 6.5 outlines the storyline
and plot of the game. According to instructions, players should choose a spe-
cific avatar and house, and within a specific amount of available energy they
should complete a set of tasks. Social Mpower has distinct rules which should
be followed by all players, and they define the rights and responsibilities of
each player and how the win condition is achieved (Section 6.6). Section 6.7
explains the goals and objective of the game, whereas Section 6.8 presents the
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different challenges encountered during the design of the game and play. Sec-
tion 6.9 argues that the win condition of this game is a combination of luck
and strategy, while its educational aim is not only to make an efficient and
sustainable energy system but also, to enable players to understand that any
small individual action can contribute to the resolution of a collective action
problem as explained in Section 6.10.
6.2 gameplay
Social Mpower game belongs to the category of general game playing (Gene-
sereth et al., 2005), meaning that players do not know the rules until the game
starts. Game rules are presented during runtime and players should under-
stand them in order to play effectively. In general game playing, game suc-
cess depends on players’ expertise in critical thinking, reasoning and decision-
making, and these should work together in a synergistic way. Social Mpower
takes place in a specific environment with finite states, one initial state and
different terminal states. Social Mpower has a fixed number of players in each
game round (2 or 3 players), and each player has finite possible actions in any
game state associated with specific goals. All players can move to all steps and
the Social Mpower environment is updated according to players’ moves. No
player knows the moves of other players in advance, and the key to success is
to play in such a way in order to bring the game to a winning situation.
The run of the system can be characterised as a sequence of appliances’
states:
〈Π,A〉 αi...αn−→ 〈Π,A ′〉 (8)
where:
—Π is the set of players
—A is the set of appliances that change state as the game progresses, and
—α is the players’ actions during the game.
The end state of the run system can result either in a “win” or in a “lose”
state depending on players’ actions in the environment.
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6.2.1 Cooperative Gameplay
Social Mpower belongs to cooperative gameplay which allows players to collab-
orate and work as a team. Playing simultaneously allows players to set strate-
gies and facilitate each other in different ways, such as sharing knowledge and
advices. Complementarity between different avatars in the same virtual world
should exist to ensure that avatars with different roles can communicate and
emphasise their shared goals, whereas synergy between their individual char-
acteristics will bring the desired interaction and collaboration (Rocha et al.,
2008). Players should understand that they can only rely on their team players
for help and support, and if they refuse to work along with them, the game
will definitely result in defeat (Beale, 2010).
Playability is an attribute of any gameplay which provides entertainment
and joy, and it can be measured through a set of properties that define the
player experience. These properties include satisfaction, the degree of plea-
sure players feel when they complete a game. Satisfaction depends on players’
preferences with regards to avatars, the environment of the virtual world and
rewards. Players should be able to understand the game rules, objectives and
system resources, whereas the learning curve should be adapted to the nature
of the game. There are two different kind of games; games that require initial
abilities before play, and other games which teach players step by step and in
a guided way the needed abilities so that players can achieve their goals.
An efficient virtual environment should attract player’s attention from the
very beginning and retain it till the very end of the game. The game should
provide sufficient time and resources to players to allow them adapt to the
environment, entertain themselves, meet the objectives and complete the chal-
lenges. Immersion is another characteristic of cooperative gameplay which al-
lows players to integrate with the virtual world, become part of it and inter-
act with the different rules and challenges that characterise it. A game has a
good immersion level when players reach their goals without overcoming their
abilities. Players should remain motivated throughout the game to perform ac-
tions and overcome challenges. Different factors such as focus on proposed
challenges, objectives and rewards will motivate player’s positive behaviour
towards potential difficulties.
Cooperative gameplay through challenges, rules and storyline can provoke
different emotions such as surprise, satisfaction, happiness or disappointment,
that lead players to different emotional states and affect their game experience.
Another feature of cooperative gameplay is the socialisation which promotes
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the social factor of the game experience and establishes the relations among
players (avatars). The social factor helps players to collectively resolve the game
challenges and successfully integrate with the game rules and objectives.
Table 6.1 shows how the different features of playability describe the player
experience and provide entertainment, satisfaction and learning in Social Mpower.
Player experience depends on various factors such as game design, challenges,
game duration and game mechanics.
Table 6.1: Playability in Social Mpower Game
Player Experience Social Mpower
Satisfaction Great satisfaction when game fin-
ishes and players have completed
their goal.
Learning Learning about energy consumption,
energy savings and collective action.
Efficiency Sufficient time and resources to allow
players to adapt to the virtual envi-
ronment and understand the game’s
objectives.
Immersion Goal completion without requiring
advanced knowledge and abilities.
Motivation Different rewards (prize) to keep
players motivated throughout the
game.
Emotion Different feelings such as satisfaction,
happiness or disappointment are pro-
voked during the game.
Socialisation Resolution of collective action prob-
lems promotes the social interaction
between players.
6.3 social mpower game
Social Mpower game is a representation of a community energy system for lo-
cal power generation and distribution, true to detail and as realistic as possible.
This game creates a unique experience to players who can observe the imme-
diate weather changes and the use of renewable energy. We wanted to create a
game which is easy-to-understand and portrays the energy community of the
future. Power generation results from PV cells which are the only electricity
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providers for the community and they are installed on the roofs of the virtual
residences. The virtual residences are connected so that they consume the pro-
duced PV power and eventually, share any remaining energy with the rest of
the residences. The produced energy is stored in each residence in appropri-
ate energy storage systems. Social Mpower challenges the player to sustain the
energy system of a community, where the player takes the role of a consumer
in a rural area and whose task is to avoid the depletion of the available re-
sources. This game is based on a simplified and idealised scenario of reality
that enhances the game experience and awareness on energy use.
Figure 6.1: Social Mpower virtual world
Figure 6.1 presents a screen capture of Social Mpower interface; PV cells in-
stalled on the roofs of the residence generate the required power for the com-
munity, whereas the home devices use the produced electricity. Bedrooms are
included in the house to make players feel like home, and animals (i.e. cat)
increase the game recreation. The graphical representation of user, the avatar,
can be customised to meet user’s requirements, while the ‘build’ option en-
ables users to personalise the virtual environment. In the inventory, players
can save and store their virtual assets and objects, and via chat they can com-
municate with other in-world avatars. Users can listen to music while playing,
and with the world map option they can see in miniature the whole virtual
world.
As already explained in Section 5.5 the virtual community consists of three
types of residences; single, couple and shared house. All houses have in com-
mon the design in the sense that they include all the necessary comforts to
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fully accommodate everyday life. Specifically, all houses include kitchen, din-
ning room, living room and bedroom.
With regards to the electrical appliances included in each room, Table 6.2
summarises them:
Table 6.2: Electrical appliances in every room
Electrical Appliances Kitchen Living Room Bedroom
Washing Machine X
Dishwasher X
Oven X
Coffee Machine X
Fridge X
Computer X X
TV X X
Figure 6.2 shows the game management of Social Mpower. The game man-
ager is the central entity who initiates the game by sending a start message
to the players. When the game starts, the game manager sends a play message
to each player, and this continues until the game stops. When the game is over
(stop message), the game manager evaluates the game based on the successful
completion of the tasks within the energy limit and gives the rewards. The
rewards together with the state history are stored in the database. During the
runtime, the game mechanics (rules and methods) are fetched into the game.
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Figure 6.2: Game management diagram
6.4 tools of play
The game experience in Social Mpower mostly depends on the different com-
ponents required to play the game. These components promote the recreation
and visualisation in the virtual world while they impact player’s interpreta-
tions. Tools of play should facilitate players in operating the game and explor-
ing all the available paths and directions the first time they arrive in the world.
Touch, WSAD keyboards, mouse navigation and gestures encourage players to
see most of the virtual area and its elements, while they provide a rich interac-
tion through simple movements.
touch – is basically triggered when a player is clicking on a prim/object. The
object will continue to be triggered until the avatar stops clicking on it. Touch
changes the states of the objects, moves/changes the coordinations of the prim
and triggers different events.
WSAD – four keyboard keys (W, S, A & D) that control the avatar’s direction
and movement, and they can be easily controlled by both player’s hands.
mouse navigation – enables players to navigate in the virtual world in an easy
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and fast way. With a left click the avatar walks forward. When the user drags
the mouse left avatars turn left, whereas with a drag right they turn right. The
avatar can move backward with a drag back, and with a drag forward avatars
start running.
gestures – work similar to touch. Players just need to hover avatar’s hand
over an object, and then they can trigger an event or change the state of the
object.
6.5 storyline & plot
One of today’s biggest challenges is to cover power demand. The energy sys-
tem is evolving from a static, monolithic system to a flexible and user-centric
distributed system which can host multiple users. Social Mpower supports this
new topology and represents all consumer requirements for an efficient, sus-
tainable and reliable energy system. Social Mpower provides intelligent tech-
nologies, information and communications to allow players balance demand
and supply.
In the context of energy coming from renewable sources, in Social Mpower, PV
cells produce the required electricity for the virtual community. In this virtual
environment players learn how to apply new technologies and better under-
stand how the energy system works, while they participate in decisions and
actions that shape this system. Social Mpower lets users play the role of con-
sumer who faces real city problems.
The game encourages players to solve problems in a key area; energy. The
scenario offers players the opportunity to understand the implications of en-
ergy decision-making in an animated environment. Players should discover
the best way to solve the community’s environmental issues, while increasing
their satisfaction and completing their tasks within limited resources.
According to instructions players receive before the start of the game, users
become citizens in a virtual community with main interest the electricity. This
virtual environment hosts three different houses equipped with various electri-
cal appliances. The first action players should take is to choose an avatar. There
are female and male avatars in a different guise, but all in the same role; the
role of consumer. The second thing players should do is to choose among the
three different available houses; single, couple and shared house. These houses
accommodate the same electrical appliances, but the number of appliances in
every house may vary. The electrical appliances are categorised into two types;
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the interruptible devices (i.e. television, computer, oven, fridge) that can be
switched on and off according to player’s will, and the non-interruptible de-
vices (i.e. washing machine, dishwasher and coffee machine) that are switched
on when the user wants to use them, but they are automatically switched off af-
ter a predefined time period. For example, the television is switched on when
the player feels like entertaining himself and switched off any time without
specific time limit, whereas the washing machine is automatically switched off
after a specific simulation time reflecting the duration of its washing program.
The virtual world hosts a forth house which is called ‘Assembly’ and it
is essentially a room where all players gather any time during the game. All
virtual houses have a display board, the SmartMeter display board, which is an
electronic device that records the consumption in real-time, and communicates
this information back to the players in a line graph form. The line graph depicts
the functional relation between the consumption (Watts) and time. There are
two different lines, one displaying the individual consumption and the other
which displays the community consumption.
After players choose their avatar and house, they are ready to start the game.
Within a specific amount of available energy, they should complete the follow-
ing tasks (in this case completing a task means to operate the relevant electrical
appliance at least once):
• Do the laundry
• Do the dishes
• Cook a meal
• Drink coffee
• ‘Entertain’ themselves
For their entertainment, players can use the available computers and tele-
visions. The ultimate goal of the game is players to avoid energy problems;
excessive demand which causes temporary congestion or energy shortage that
causes a blackout. Player’s decisions and actions will determine the outcome
of the game.
Social Mpower is a multi-player game, and even though there is sufficient
time for every player to search the whole virtual world and guarantee that he
can find the best action to perform, it is unlikely for a single player to control
everything. Multiple players add uncertainty to the game as the result state
depends on all players’ actions. A player can assume that his co-players may
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behave rationally but the only way to guarantee his success is to help other
players to succeed.
6.6 rules
In Social Mpower game, players become residents in a virtual energy commu-
nity in which they should complete specific tasks within a specific amount of
available energy. The rules of the game define the rights and responsibilities
of the players, the common and each player’s goals. In Social Mpower, play-
ers’ rights also include the distribution and use of the available resources. The
common win condition is all players to finish their tasks within the available
energy.
Social Mpower rules can be encoded based on Game Description Language
(GDL) (Thielscher, 2010) which defines the game mechanisms as logical rules.
We begin with the definition of the roles. There are two players – consumer
and participant.
role(consumer)
role(participant)
Consumer is the player allowed to perform the different tasks in the game,
whereas the participant can only explore the virtual world. Next, each player
should choose one of the available houses; single, couple, shared. Then, we
define the state of every electrical appliance; washing machine, dishwasher,
fridge, oven, coffee machine, computer and TV. In the initial state, the start
and finish times are blank, and the state is OFF except for the fridge which is
always ON.
appliance(startTime, finishTime, state, defaultPower)
(init (appliance(blank, blank, OFF, defaultPower)))
The rule that describes the appliance’s state update regarding the appliance’s
current state and the player’s actions is the following:
(<= (appliance(startTime, finishTime, ON, defaultPower)))
The goal of each player in the terminal state is to complete all of his/her
tasks.
(<= (goal consumer completedTasks))
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The game terminates successfully when all players have completed their
tasks. When a player or all players have not completed their tasks, the game
ends without a win condition.
(<= terminal
(successfulCompletion))
(<= terminal
(unsuccessfulCompletion))
6.7 goals
The virtual smart cities and communities exploit the most of the new technolo-
gies and improve the systems, operations and services they provide to users.
Adding ‘smart’ to virtual worlds for the Digital Society (e.g. energy manage-
ment) changes the way they work, increases players’ satisfaction and makes
the environment greener. In these virtual smart cities, players try to make the
energy systems more efficient and robust, and solve real-world environmental
issues such as cleaner water, optimised energy mix or decreased CO2 emis-
sions.
The objective of Social Mpower can be construed as resolving a collective
action problem. In a serious game, a collective action situation involves several
key features:
• it involves a group of users playing together in a common virtual envi-
ronment, but . . .
• . . . individuals may have a self-interest which conflicts with the group
interest, which encourages free riding, and . . .
• . . . the costs of an action may fall on an individual, but the benefits accrue
to the group, often requiring other incentives to contribute, for example
in the form of social capital (Ostrom and Ahn, 2003).
In some multi-player games, it may be difficult for an individual player to
recognise that s/he is impacted in a collective action situation or, with a lack
of cause and effect that any small action by the individual can contribute to
resolve the problem. In Social Mpower, a number of interface features (e.g. inter-
face cues, visualisation, social networking, feedback and incentives) enhance
collective awareness so that players can anticipate energy problems. Players
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should proactively coordinate their behaviour to take collective actions and
prevent these potential energy problems.
Social Mpower is an interactive game designed and implemented to inform,
aware and motivate users towards energy efficiency and sustainability. Players
have to avoid blackouts by individually reducing their energy consumption
and sustain the CPR. Players should work together to prioritise distribution in
an economy of scarcity, achieve a fair allocation and sustain the community
over the game play. The SmartMeter display board should be considered as an
‘intelligent agent’ which operates on behalf of, and in cohort with the player,
and the player should understand that energy is a limited and depletable re-
source. Social Mpower enables its players to understand that their individual be-
haviours and actions have an effect on the virtual community, and they should
take the necessary steps as a synchronised and accumulated body to achieve
successful collective action.
6.8 challenges
Following the presentation of Social Mpower game with its rules and goals,
we now present the different challenges we encountered during the usabil-
ity test and the gameplay. Section 6.8.1 discusses the different problems oc-
curred during the evaluation process and how these problems were addressed,
whereas Section 6.8.2 discusses the challenges that players encountered dur-
ing the game and how these challenges relate to their age, background and
previous experience with virtual worlds.
6.8.1 Design Challenges
The evaluation of the game included in the game design process enabled us
to identify any usability problems and test whether the game meets its in-
tended purpose. During the evaluation process, users tried to complete specific
tasks within a specific time frame and determine how satisfied they were with
the virtual environment, discerning any required changes that would improve
the user performance and the game experience. Observing the users enabled
us to identify how effortlessly they managed to achieve their goals using the
Social Mpower interface, whereas in the feedback they explained all the prob-
lems and any confusion they encountered during the evaluation process. These
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problems can be separated into two main categories; difficulties in using the
interface (i.e. entering the virtual houses) and engaging with the virtual world:
1. Enter the virtual houses
2. Operate the appliances
3. SmartMeter board
4. Engaging elements
During the world exploration, players found it quite difficult to lead their
avatars inside the virtual residences due to the fact they could not find the
entrance. Players were spending significant time going around the houses and
trying to find a door to get inside. To help players find the entrance easily and
quickly, mats with ‘Welcome’ sign were placed in front of the virtual doors.
Another usability issue was players’ difficulty in operating the electrical ap-
pliances. Players could not figure out how to turn on and off the appliances,
and for this reason an operating button was added on each of them. This oper-
ating button changes colour according to the status of the electrical appliance;
green colour for an appliance which is ON and red colour for an appliance
which is OFF.
Initially the SmartMeter display board was only indicative of a number. This
number was representing the total consumed energy of each house, and even
though players knew the maximum amount of available energy they could con-
sume, they could not totally understand how this number was reflecting their
consumption. The SmartMeter display boards were replaced by new smart
meters which graphically represent the energy consumption. The line graphs
display both the individual and community consumption.
Different engaging elements were added to Social Mpower interface to capti-
vate user’s motivation during the game play. These engaging elements include
animals which interact with the user, different decorations, flowers and trees
which enhance the user experience in an immersive way.
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Figure 6.3: Design challenges and proposed solutions
Figure 6.3 shows how the occurred design challenges were encountered. The
door of the virtual residence is always open for easy avatar access, while a mat
with a ‘welcome’ sign on it points exactly to the door. The virtual dog in front
of the house “welcomes” the avatar, and the SmartMeter display board gives
a clear representation/visualisation (e.g. a line graph) of the energy consump-
tion.
6.8.2 Game Challenges
During the game, players encountered different challenges relating to their
age, background and previous experience with virtual worlds. Age did not
impact negatively the players’ attainment as Social Mpower appeals to all ages,
with the youngest player being 12 and the oldest 63 years old. On the contrary,
background was a major constraint as not all players were able to understand
the concepts and definitions regarding power systems and energy consump-
tion, and as a result they could not stay focused to perform the required tasks.
Players with previous experience in virtual environments could move easier
and faster in the world, whereas players with no experience needed guidance
and help in order to move their avatars around and interact with the different
objects. According to the feedback obtained at the end of each game, the main
points in which players had problems are:
1. Improper use of chat
2. Alert for upcoming energy problems
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3. Know about energy consumption before the start of the game
As it was mentioned in Section 3.6 there are four different types of text chat;
local chat where the in-world players within a range of 20 meters can talk to
each other, group chat where only players in a specific group can receive mes-
sages, IM is a private conversation between two players, and conference call
which is similar to group chat. In several experiments, these different types
of text chat confused the players as they did not know which one to use in
order to talk to a specific player. This confusion led to missed messages or sent
messages to wrong players. Some players reported the following:
"Wrong chat so I did not tell my flatmates they were using too much energy."
"I used the local chat instead of the group chat, so partners did not hear me."
Players found disturbing the fact that there is no alarm or buzzer to warn
them that energy consumption reaches the limit. They should visit the Smart-
Meter display board periodically to check how much energy is left over for
consumption. According to their feedback, it would be more useful if there
was an alarm to inform them about incipient energy problems. With such an
alarm there would be no need for players to go back to the SmartMeter board
to check the available amount of energy.
"SmartMeter should give an alarm to inform the customer about the energy prob-
lem."
"There should be an alarm to tell user to turn off appliances instead of going to the
SmartMeter display board."
"Have a buzzer to remind the energy problem is approaching."
Players learn about the consumption of each electrical appliance after this
appliance is off. According to their feedback, players would prefer a visual
representation of the amount of energy required for an electrical appliance to
complete its cycle. When players know exactly how much energy the devices
consume, they can better arrange the schedule of their use and coordinate their
actions accordingly.
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"If we could visualise the amount of energy required for each appliance beforehand,
we could better coordinate."
"The devices should use labels to display how much energy they consume to help the
customer to arrange the schedule of their use."
Figure 6.4 shows the online avatars in Social Mpower and the different types
of text chat; group chat, local chat and IM. All these different chats are available
within a small window, something that confused the players.
Figure 6.4: Chat challenges
6.9 luck & strategy
Social Mpower is a multi-player game with main objective the resolution of
collective action problems related to energy management. In this game, play-
ers have to avoid a collective blackout by individually reducing their energy
consumption. In order for this to be successfully achieved a combination of
strategy and luck is required. Players’ autonomous decision-making actions
and strategy determine the outcome of the game. Upon making a decision,
players should consider the possible consequences of their actions including
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random event outcomes, resource loss and future use. Previous knowledge
and experience can help players to make appropriate decisions and actions.
Awareness is part of strategy and in particular, collective awareness enhanced
by interface cues, visualisation, social networking, feedback and incentives, is
an attribute of communities which helps to resolve collective action problems.
Team strategy, promoted in Social Mpower, extends individual players’ skills
and automates strategic awareness.
Luck and randomised actions can strongly influence the outcome in Social
Mpower. There were groups of players who managed to win without having
a clear strategy or plan, but having a strong leadership (e.g. a player who in-
fluences and supports his/her co-players in the accomplishment of a common
task) which is a fact of luck. Despite the fact that a strong leadership should
have skill elements on it, in those cases luck played a greater role in shaping the
outcome of the game. Pure luck and absence of strategy can cause frustration
to players which in combination with no skills can lead to low performance in
the game. But luck in Social Mpower enables players with no previous experi-
ence on virtual worlds or no knowledge on energy management to win and
figure out how they can sustain their community and avoid blackouts, whereas
players with background on energy systems can demonstrate their skills by ac-
curately reacting and playing. That luck helped players to win in Social Mpower
is reflected in the following comment:
"By chance we avoided an energy problem."
6.10 use as educational tool
In this game, players start from a community and their goal is to figure out
what they will do when problems arise. The use of a simulated environment
helps in educating people fast and effectively. There are no consequences when
players do something wrong during the gameplay, but instead they learn how
to avoid problems and take better actions and decisions regarding real life
problems. By playing the Social Mpower game, users develop social and cogni-
tive skills and they gain the required confidence to engage with virtual worlds.
Players explore new activities and experiences, communicate with other in-
world players and practise new skills (Kahn and Wright, 2013; Tickell, 2011). At
the end of each game, players receive feedback in form of instant messages and
advices regarding their energy use which challenge their critical thinking and
understanding of electricity (Martlew et al., 2011). Social Mpower enables play-
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ers to understand how the power generation and distribution network works,
and through different tasks they learn how energy communities can actually
use the different technologies to become energy sustainable and efficient.
Social Mpower combines learning with fun and recreation. Through voluntary
play and without extrinsic goals that force learning, this game actively engage
players. Creativity is promoted tremendously as players can be involved in
constructing buildings and objects, personalising their avatars and residences,
or even using the different engaging elements that are available in the virtual
world to enhance their game experience. Social Mpower play is a process to
learning rather than a predicted outcome, and it raises strong motivation for
energy efficiency (Dietze and Kashin, 2012). Using the experience from a vir-
tual world, players can build new knowledge and understanding in different
energy-related contexts which stimulate and support their skill development.
Some of the players’ comments include:
“Very nice the idea of the game. It helped me to think more seriously about environ-
mental issues and especially about energy problems.”
“It is a great idea to encourage people to use smart meters and share electrical re-
sponsibilities.”
“The smart meter board showing our energy consumption was insightful about the
energy consumption arising from daily household activities.”
The educational aim of Social Mpower is not only to make the energy sys-
tem that serves the virtual community more efficient, but also to enable play-
ers to understand that they should unite into a group to effectively resolve
a collective action problem. Players should recognise that they are impacted
in a collective action situation, and that any small individual action will con-
tribute to resolving any upcoming problems. Especially in the energy sector, if
players are “collective aware” of an incipient energy problem they can proac-
tively coordinate their behaviour to take a collective action to prevent it. Social
Mpower awares individuals to take actions regarding common resources that
are suboptimal from a community-wide perspective without leading to the de-
pletion of those resources. Players are led towards successful action through
self-organisation and social networking promoted via the game interface.
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6.11 summary
This chapter presented the Social Mpower game design. After characterising
the run of the system as a sequence of states with “win” and “lose” states
depending on players’ actions, playability was defined as an attribute of any
gameplay which provides entertainment and joy, and it is measured through
different elements that describe the user experience. The simultaneous playing
allows players to share knowledge and advices, whereas synergy and team
play help them to achieve their goals.
In Social Mpower PV cells installed on the roofs of the virtual residences gen-
erate the required power for the energy community, and players are challenged
to sustain the energy system of this community. This game presents a simpli-
fied and idealised scenario of smart cities that enhances the game experience
and awareness on energy use, and players can understand the implications
of energy decision-making in an animated environment. However, players en-
countered various challenges during the play and these challenges relate to
their background and previous experience with animated environments.
It should be also noted that the game manager is the central entity in Social
Mpower who starts the game, evaluates it and gives the rewards to players. The
game manager defines the rules of Social Mpower which include the roles and
houses, and characterise the appliances’ state and players’ goals (e.g. avoid
blackouts by individually reducing their energy consumption).
Furthermore, the educational aim of Social Mpower is to aware players on
energy use and enable them to understand that they should unite into a group
to effectively resolve a collective action problem. Players should recognise that
they are impacted on a collective action situation, and that any small individual
action will contribute to resolving any upcoming problem. The ultimate goal of
this game is players to avoid energy problems; excessive demand which causes
temporary congestion or energy shortage that causes a blackout. Player’s deci-
sions and actions determine the outcome of Social Mpower game.
Chapter 7 provides a formalisation of the experimental set-up for the game,
the experimental results and analysis.
7
E X P E R I M E N T S
7.1 introduction
In Chapter 2 we argued that collective awareness is an attribute of a com-
munity that helps it to resolve a collective action problem, and we identified
certain interface requirements as necessary conditions for achieving collective
awareness; interface cues, visualisation, social networking, feedback and incen-
tives. The objective of this chapter is to present the experiments conducted and
investigate if there is a correlation between the different subsets of collective-
awareness enhancing features and their impact on people’s collective action
problem-solving.
In every experiment (gameplay), players choose an avatar and a house, and
within a specific amount of available energy they should complete the follow-
ing tasks as described in Section 6.5:
• Do the laundry
• Do the dishes
• Cook a meal
• Drink coffee
• Entertain themselves
If players exceed their available energy, an energy problem will occur from
excessive demand. This will cause temporary congestion or energy shortage
that causes a blackout.
Our test hypothesis is that the more features for collective awareness are
added in our serious game, the more often the users can successfully coordi-
nate their behaviour to avoid an energy problem: in other words, increased
collective awareness increases successful collective action.
The remainder of this chapter will present the experimental set-up and the
experimental results. Section 7.2 gives further details of the experimental set-
up, following the specification presented in Chapter 6. Sections 7.3 and 7.4
present in detail the experimental results, which are summarised in Section 7.5.
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7.2 experimental conditions
Different groups comprising of 2 or 3 players define the experimental set-up
of Social Mpower game. These players are in different rooms and on differ-
ent computers, and they can only communicate through chat, which is avail-
able on the game interface. In each gameplay which lasts about 30 minutes,
there is a group of maximum 3 players co-located in the same virtual world.
The experiment controller hands out the game instructions and checks that all
the experimental conditions are met (e.g. players fully understand the instruc-
tions, no external factor intervenes in the gameplay, players only communicate
through chat). The game manager (located on a different computer) assigns the
available energy to all players and then the game starts. When the gameplay
finishes, the experiment controller hands out the questionnaires the players
should complete. Figure 7.1 presents the experimental set-up with three differ-
ent players, the game manager and the experiment controller who supervises
the gameplay.
Figure 7.1: Experimental Set Up
43.7% of players responded that it was the first time they played games
through virtual worlds, but the experiment controller was present in every
gameplay to demonstrate to players how to move their avatars and interact
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with the electrical appliances. The experiments were performed both in UK
and Greece (London, Glasgow, Brighton, Athens and Chalkida) with 87 players
in total, divided into 39 groups. The players are both general members of the
population and college students (the youngest player is 12 years old and the
oldest is 63 years old). The experimental protocol which is followed in every
gameplay (experiment) is the written instructions that all players receive before
the start of the game and it ensures the successful replication of experiments
by any experiment controller.
7.3 experimental results : cross tabulations
Cross tabulations (Norušis, 1990),(Muijs, 2010), a qualitative research method,
have been used to analyse the relationship between collective action problem-
solving (e.g. avoid a blackout) and the effectiveness of the various interface
requirements to promote collective awareness and lead players towards suc-
cessful collective action. We perform different sets of statistical analysis in
which there is an independent variable that is the same in every set, and a
dependent variable that changes. The independent variable is the survey ques-
tion “Did you experience an energy problem?”, whereas the dependent vari-
ables are the survey questions which reflect the interface requirements – “Did
the SmartMeter display board enable you to anticipate an energy problem?”,
“Did you use chat to inform others there was an upcoming energy problem?”,
“Did you use chat to coordinate with others a plan or schedule to avoid an
energy problem?”, “Did the incentives/rewards give you a sense of achieve-
ment in avoiding an energy problem?”, “Were you willing to share personal
information about energy use with just your co-players to help avoid an energy
problem?” and “Did the realtime feedback (instant messages) give you a sense
that your action was part of a bigger effort to resolve an energy problem?”.
In every set of statistical analysis we measure how strong is the relationship
between these two variables.
Pearson chi-square statistic is used to test if the two variables measured in each
set are independent or dependent. From the cross tabulations, we sum over all
cells and the squared residuals are divided by the expected frequencies.
X2 =
∑
i
∑
j
(Oij − Eij)
2
Eij
(9)
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where:
—O is the set of observed values and
—E is the set of expected values.
This section presents the experimental results obtained using cross tabula-
tions.
7.3.1 SmartMeter Display Board
Table 7.2 shows the percentage of players who agree or disagree with the
hypothesis that the SmartMeter display board enables the anticipation of an
energy problem (e.g. a blackout). We observe that the percentage of players
who did not experience an energy problem because they were looking at the
SmartMeter display board is 71%, whereas 69.6% of players who experienced
a blackout answered that they could see an incipient energy problem, but they
could not effectively use this information to avoid the problem. The percent-
age of players who disagreed with the role of the SmartMeter display board to
indicate a potential energy problem is relatively low (12.9% of those who did
not encounter an energy problem and 7.1% of those who did).
Although it was easy for players to use the SmartMeter display board, a large
percentage of players (64%) did not manage to avoid a blackout, meaning that
probably data visualisation was not clear enough or, based also on the feedback
we received, players are not still proactive to an energy problem unless they
are trained on what to look for in a display.
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Figure 7.2: Success/Failure of SmartMeter display board to enable players anticipating
an energy problem
Table 7.3 presents the calculated chi-square which produces an estimation of
how likely (or unlikely) this calculated value is, if these two variables (Smart-
Meter display board and energy problem) are in fact independent. In this test,
there are two degrees of freedom (1 x 2), and the Pearson chi-square value is 1.2.
If the SmartMeter display board enables the anticipation of an energy problem
and the experience of an energy problem are independent, the probability that
a random sample would result in a chi-square value of at least that magnitude
is less than 0.546. This probability is also known as the observed significance
level of the test. If the probability is equal or smaller than the significance level
(a=10%), it suggests that the observed data is inconsistent with the assumption
that the null hypothesis is true and thus, the hypothesis is rejected. Since the
observed significance level is 0.546 > 0.1, the hypothesis that the SmartMeter
display board and successful collective action are independent, cannot not be
rejected.
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Figure 7.3: Pearson chi-square estimating the independence between SmartMeter dis-
play board and energy problem
7.3.2 Chat for Information
Table 7.4 shows the percentage of players who agree or disagree with the hy-
pothesis that players can use chat to inform their co-players about an upcoming
energy problem. 35.5% of players who used chat as a means of communication
with their team and avoided a blackout, agreed that chat can be used to inform
others about incipient energy problems, whereas 32.1% of players who agreed
with the above hypothesis did not manage to avoid a blackout. Relatively high
is the percentage of players who disagreed with the role of the chat to commu-
nicate energy problems (41.9% of them did not experience an energy problem,
whereas 39.3% they did).
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Figure 7.4: Success/Failure of chat to inform players about an upcoming energy prob-
lem
Table 7.5 presents the calculated chi-square which produces an estimation
of how likely (or unlikely) these two variables (use of chat to inform about
an incipient energy problem and energy problem) are in fact independent. In
this test, there are three degrees of freedom (1 x 3), and the Pearson chi-square
value is 5.01. If chat enables players to communicate an energy problem and
the experience of an energy problem are independent, the probability that a
random sample would result in a chi-square value of at least that magnitude is
less than 0.17. If the probability is equal or smaller than the significance level
(a=10%), it suggests that the observed data is inconsistent with the assumption
that the null hypothesis is true and thus, the hypothesis is rejected. Since the
observed significance level is 0.17 ' 0.1, there is some evidence that the chat
as a mean of communication to inform about an incipient energy problem and
successful collective action are dependent.
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Figure 7.5: Pearson chi-square estimating the independence between chat to inform
and energy problem
7.3.3 Chat for Coordination
Table 7.6 shows the percentage of players who agree or disagree with the hy-
pothesis that players can use chat to coordinate with others a plan or schedule
to avoid an energy problem. 35.5% of players who avoided an energy problem
agreed that chat could be used to coordinate a plan or schedule to avoid a
blackout, whereas 28.6% of players who agreed with the above hypothesis did
not manage to avoid a blackout. In this test case, relatively high is the percent-
age of players who disagreed with the role of the chat for coordination (45.2%
of them did not experience an energy problem, whereas 46.4% they did).
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Figure 7.6: Success/Failure of chat to enable players coordinate their actions to avoid
an energy problem
Table 7.7 presents the calculated chi-square which produces an estimation
of how likely (or unlikely) these two variables (use of chat to coordinate a
plan or schedule to avoid an energy problem and energy problem) are in fact
independent. In this test, there are three degrees of freedom (1 x 3), and the
Pearson chi-square value is 1.46. If chat promotes the coordination of a plan or
schedule to avoid an energy problem and the experience of an energy problem
are independent, the probability that a random sample would result in a chi-
square value of at least that magnitude is less than 0.691. If the probability
is equal or smaller than the significance level (a=10%), it suggests that the
observed data is inconsistent with the assumption that the null hypothesis is
true and thus, the hypothesis is rejected. Since the observed significance level is
0.691 > 0.1, the hypothesis that the use of chat to coordinate a plan or schedule
to avoid an energy problem and successful collective action are independent,
cannot not be rejected.
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Figure 7.7: Pearson chi-square estimating the independence between chat to coordi-
nate and energy problem
7.3.4 Incentives – Rewards
Table 7.8 shows the percentage of players who agree or disagree with the hy-
pothesis that rewards give a sense of achievement in avoiding an energy prob-
lem. 51.6% of players agreed that rewards give a sense of achievement when
they avoided an energy problem, whereas 41.1% of players who agreed with
the above hypothesis did not manage to avoid a blackout. The percentage of
players who disagreed with the role of rewards to give a sense of achievement
is relatively low (19.4% of those who did not encounter an energy problem and
12.5% of those who did).
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Figure 7.8: Success/Failure of incentives to give a sense of achievement in avoiding an
energy problem
Table 7.9 presents the calculated chi-square which produces an estimation
of how likely (or unlikely) these two variables (rewards to give a sense of
achievement and energy problem) are in fact independent. In this test, there
are three degrees of freedom (1 x 3), and the Pearson chi-square value is 6.39. If
rewards give a sense of achievement and the experience of an energy problem
are independent, the probability that a random sample would result in a chi-
square value of at least that magnitude is less than 0.094. If the probability
is equal or smaller than the significance level (a=10%), it suggests that the
observed data is inconsistent with the assumption that the null hypothesis is
true and thus, the hypothesis is rejected. Since the observed significance level
is 0.094 < 0.1, there is some evidence that rewards and successful collective
action are dependent.
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Figure 7.9: Pearson chi-square estimating the independence between rewards and en-
ergy problem
7.3.5 Personal Information about Energy Use
Table 7.10 shows the percentage of players who agree or disagree with the
hypothesis that when players share with their co-players personal information
about energy use, this helps them to avoid energy problems. We observe that
the percentage of players who did not experience an energy problem because
they shared their energy use is 61.3%, whereas 53.6% of players experienced
an energy problem, even though they shared their personal information. The
percentage of players who did not share their energy use is relatively low
(16.1% of those who did not encounter an energy problem and 10.7% of those
who did).
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Figure 7.10: Players’ willingness to share personal information about their energy use
Table 7.11 presents the calculated chi-square which produces an estimation
of how likely (or unlikely) these two variables (share energy use to avoid an
energy problem and energy problem) are in fact independent. In this test, there
are three degrees of freedom (1 x 3), and the Pearson chi-square value is 4.27. If
rewards give a sense of achievement and the experience of an energy problem
are independent, the probability that a random sample would result in a chi-
square value of at least that magnitude is less than 0.234. If the probability
is equal or smaller than the significance level (a=10%), it suggests that the
observed data is inconsistent with the assumption that the null hypothesis is
true and thus, the hypothesis is rejected. Since the observed significance level is
0.234 > 0.1, the hypothesis that sharing energy use to avoid an energy problem
and successful collective action are independent, cannot not be rejected.
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Figure 7.11: Pearson chi-square estimating the independence between share of energy
use and energy problem
7.3.6 Real-Time Feedback
Table 7.12 shows the percentage of players who agree or disagree with the
hypothesis that real-time feedback (instant messages) give to players a sense
that their actions were part of a bigger effort to resolve an energy problem.
We observe that the percentage of players who did not experience an energy
problem and thought that real-time feedback is useful is 77.4%, whereas 83.9%
of players experienced an energy problem, although the instant messages in-
formed them about their electricity consumption quite effectively. A very low
percentage (6.5%) only disagreed with the effectiveness of the real-time feed-
back.
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Figure 7.12: Success/Failure of real-time feedback to give a sense that individual ac-
tions can resolve an energy problem
Table 7.13 presents the calculated chi-square which produces an estimation
of how likely (or unlikely) these two variables (real-time feedback and energy
problem) are in fact independent. In this test, there are two degrees of freedom
(1 x 2), and the Pearson chi-square value is 3.72. If real-time feedback gives a
sense that individual actions are part of a bigger effort to resolve an energy
problem and encounter an energy problem are independent, the probability
that a random sample would result in a chi-square value of at least that mag-
nitude is less than 0.156. If the probability is equal or smaller than the signifi-
cance level (a=10%), it suggests that the observed data is inconsistent with the
assumption that the null hypothesis is true and thus, the hypothesis is rejected.
Since the observed significance level is 0.156 ' 0.1, there is some evidence that
real-time feedback and successful collective action are dependent.
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Figure 7.13: Pearson chi-square estimating the independence between real-time feed-
back and energy problem
7.3.7 Summary of Results
This section presented the experimental results using cross tabulations. Based
on the feedback we received and calculated percentages, the SmartMeter dis-
play board did not enable players to avoid a blackout, meaning that we should
investigate alternative means of data visualisation and also, to train users on
how to effectively use a display board and decode the available information on
it. Players did not really use chat to communicate the potential energy prob-
lems, but they rather used it as a means to express their feelings and thoughts
regarding the virtual world and avatars (e.g. look how fancy my avatar is
dressed up). Moreover, rewards in the form of a prize were not a strong incen-
tive for players to change their behaviour and thus, avoid an energy problem.
Real-time feedback in the form of instant messages should include more infor-
mation regarding the energy consumption (e.g. energy consumption history
on daily, weekly and monthly basis) in order to be more effective and players
to avoid energy problems. Finally, using the Chi-Square Test, there is some evi-
dence that successful collective action is dependent of chat, real-time feedback
and incentives.
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7.4 experimental results : logistic regression
Logistic regression, a direct probability model, has been used to calculate the
probability of getting a certain outcome given certain values; that is the proba-
bility of no coordination or coordination between players to avoid possible en-
ergy problems given the different interface features (SmartMeter display board,
social networking (chat), incentives/rewards and real-time feedback).
This section shows the experimental results obtained using logistic regres-
sion. Table 7.1 presents a summary of the results; the percentage of players
who managed to coordinate their actions and thus avoid an energy problem
given different combinations of interface requirements enabled on the Social
Mpower interface.
Table 7.1: Percentage of players who coordinated their actions
Interface Features Percentage of coordination
No Interface Feature 43.7%
SmartMeter 55.2%
Chat 73.6%
Rewards 42.5%
Real-Time Feedback 55.2%
SmartMeter & Real-Time Feedback 57.5%
SmartMeter & Chat 62.1%
SmartMeter & Rewards 56.3%
Chat & Rewards 73.6%
Chat & Real-Time Feedback 73.6%
Real-Time Feedback & Rewards 55.2%
SmartMeter, Rewards & Feedback 57.5%
SmartMeter, Feedback & Chat 73.6%
SmartMeter, Rewards & Chat 74.7%
Real-Time Feedback, Rewards & Chat 73.6%
SmartMeter, Real-Time Feedback, Rewards & Chat 73.6%
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7.4.1 Logistic Regression Rule/1 Interface Requirement
Table 7.14 shows the output of our model including only the intercept; play-
ers decide whether to coordinate their actions or not and avoid an energy
problem without any interface feature enabled. Given the base rates of these
two decision options based on received feedback (no coordination & coordina-
tion) 49/87 = 56.3% of players decided not to coordinate with their co-players,
whereas 38/87 = 43.7% of them decided to coordinate their actions. In this
model, the best strategy is to predict, for every case, that players will decide
to coordinate their actions in order to prevent a blackout. Using this strategy
(binary logistic regression), we will be correct 43.7% of the time. Before we
can use this information to classify the players, we need a decision rule. Our
decision rule will be in the following form: if the probability of the event is
greater than or equal to the above prediction (43.7% of players will coordinate
their actions), we shall predict that the event will take place.
Figure 7.14: Comparison between the predicted and actual coordination between play-
ers
Table 7.15 shows us that this rule allows us to correctly classify 30/38 =
78.9% of the players, where the predicted event (deciding to coordinate when
SmartMeter display board is added on the interface) was observed. This is
known as the sensitivity of prediction, the P(correct | event did occur) that is,
the percentage of occurrences correctly predicted. This rule also allows to clas-
sify 18/49 = 36.7% of the players where the predicted event was not observed.
This is known as the specificity of prediction, the P(correct | event did not oc-
cur), that is, the percentage of non-occurrences correctly predicted. Overall our
predictions were correct 48/87 times, with an overall success rate of 55.2%. Re-
calling that the prediction of coordination was 43.7% < 55.2% for the model
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with the intercept only, these results show that the SmartMeter display board
enabled players to better coordinate and avoid possible blackouts.
Figure 7.15: Comparison between the predicted and actual coordination between play-
ers including the SmartMeter display board
Table 7.16 shows us that this rule allows us to correctly classify 30/38 = 78.9%
of the players where the predicted event (deciding to coordinate when chat is
added on the interface) was observed. This rule also allows to classify 34/49
= 69.4% of the players where the predicted event was not observed. Overall
our predictions were correct 64/87 times, with an overall success rate of 73.6%.
Recalling that the prediction of coordination was 43.7% < 73.6% for the model
with the intercept only, these results show that the chat to coordinate a plan in
order to avoid an incipient energy problem enabled players to better coordinate
and prevent incipient energy problems.
Figure 7.16: Comparison between the predicted and actual coordination between play-
ers including chat
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Table 7.17 shows us that this rule allows us to correctly classify 31/38 =
81.6% of the players where the predicted event (deciding to coordinate when
rewards were added on the interface) was observed. This rule also allows to
classify 6/49 = 12.2% of the players where the predicted event was not ob-
served. Overall our predictions were correct 37/87 times, with an overall suc-
cess rate of 42.5%. Recalling that the prediction of coordination was 43.7% for
the model with the intercept only, these results show that rewards were not
a strong incentive for players to change their behaviour and thus, avoid an
energy problem.
Figure 7.17: Comparison between the predicted and actual coordination between play-
ers including rewards
Table 7.18 shows us that this rule allows us to correctly classify 30/38 = 78.9%
of the players where the predicted event (deciding to coordinate when real-
time feedback is added on the interface) was observed. This rule also allows
to classify 18/49 = 36.7% of the players where the predicted event was not
observed. Overall our predictions were correct 48/87 times, with an overall
success rate of 55.2%. Recalling that the prediction of coordination was 43.7%
< 55.2% for the model with the intercept only, these results show that real-
time feedback, being the only interface requirement enabled on the interface,
resulted in a significant change regarding players’ behaviour and actions.
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Figure 7.18: Comparison between the predicted and actual coordination between play-
ers including real-time feedback
7.4.2 Logistic Regression Rule/2 Interface Requirements
Table 7.19 shows us that this rule allows us to correctly classify 27/38 = 71.1%
of the players where the predicted event (deciding to coordinate when Smart-
Meter display board and real-time feedback are added on the interface) was
observed. This rule also allows to classify 23/49 = 46.9% of the players where
the predicted event was not observed. Overall our predictions were correct
50/87 times, with an overall success rate of 57.5%. Recalling that the predic-
tion of coordination was 43.7% <57.5% for the model with the intercept only,
these results show that SmartMeter display board and real-time feedback, be-
ing the interface requirements enabled on the interface, resulted in a significant
change regarding players’ behaviour and actions.
Figure 7.19: Comparison between the predicted and actual coordination between play-
ers including SmartMeter display board & real-time feedback
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Table 7.20 shows us that this rule allows us to correctly classify 24/38 =
63.2% of the players where the predicted event (deciding to coordinate when
SmartMeter display board and chat are added on the interface) was observed.
This rule also allows to classify 30/49 = 61.2% of the players where the pre-
dicted event was not observed. Overall our predictions were correct 54/87
times, with an overall success rate of 62.1%. Recalling that the prediction of
coordination was 43.7% < 62.1% for the model with the intercept only, these
results show that SmartMeter display board and chat, being the interface re-
quirements enabled on the interface, enabled players to better coordinate and
prevent incipient energy problems.
Figure 7.20: Comparison between the predicted and actual coordination between play-
ers including SmartMeter display board & chat
Table 7.21 shows us that this rule allows us to correctly classify 31/38 =
81.6% of the players where the predicted event (deciding to coordinate when
SmartMeter display board and rewards are added on the interface) was ob-
served. This rule also allows to classify 18/49 = 36.7% of the players where the
predicted event was not observed. Overall our predictions were correct 49/87
times, with an overall success rate of 56.3%. Recalling that the prediction of
coordination was 43.7% < 56.3% for the model with the intercept only, these
results show that SmartMeter display board and rewards, being the interface
requirements enabled on the interface, enabled players to better coordinate
and avoid possible blackouts.
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Figure 7.21: Comparison between the predicted and actual coordination between play-
ers including SmartMeter display board & rewards
Table 7.22 shows us that this rule allows us to correctly classify 30/38 =
78.9% of the players where the predicted event (deciding to coordinate when
chat and rewards are added on the interface) was observed. This rule also
allows to classify 34/49 = 69.4% of the players where the predicted event was
not observed. Overall our predictions were correct 64/87 times, with an overall
success rate of 73.6%. Recalling that the prediction of coordination was 43.7%
< 73.6% for the model with the intercept only, these results show that chat and
rewards, being the interface requirements enabled on the interface, enabled
players to better coordinate and avoid possible blackouts.
Figure 7.22: Comparison between the predicted and actual coordination between play-
ers including chat & rewards
Table 7.23 shows us that this rule allows us to correctly classify 30/38 =
78.9% of the players where the predicted event (deciding to coordinate when
chat and real-time feedback are added on the interface) was observed. This
rule also allows to classify 34/49 = 69.4% of the players where the predicted
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event was not observed. Overall our predictions were correct 64/87 times, with
an overall success rate of 73.6%. Recalling that the prediction of coordination
was 43.7% < 73.6% for the model with the intercept only, these results show
that chat and real-time feedback, enabled on the interface, promoted players’
coordination to avoid an incipient energy problem.
Figure 7.23: Comparison between the predicted and actual coordination between play-
ers including chat & real-time feedback
Table 7.24 shows us that this rule allows us to correctly classify 30/38 =
78.9% of the players where the predicted event (deciding to coordinate when
rewards and real-time feedback are added on the interface) was observed. This
rule also allows to classify 18/49 = 36.7% of the players where the predicted
event was not observed. Overall our predictions were correct 48/87 times, with
an overall success rate of 55.2%. Recalling that the prediction of coordination
was 43.7% < 55.2% for the model with the intercept only, these results show
that real-time feedback and rewards promoted players’ coordination to avoid
an energy problem.
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Figure 7.24: Comparison between the predicted and actual coordination between play-
ers including real-time feedback & rewards
7.4.3 Logistic Regression Rule/3 Interface Requirements
Table 7.25 shows us that this rule allows us to correctly classify 28/38 = 73.7%
of the players where the predicted event (deciding to coordinate when Smart-
Meter display board, real-time feedback and rewards are added on the inter-
face) was observed. This rule also allows to classify 22/49 = 44.9% of the play-
ers where the predicted event was not observed. Overall our predictions were
correct 50/87 times, with an overall success rate of 57.5%. Recalling that the
prediction of coordination was 43.7% < 57.5% for the model with the intercept
only, these results show that when SmartMeter display board, rewards and
real-time feedback are added to the interface, players could coordinate their
actions and prevent possible blackouts.
Figure 7.25: Comparison between the predicted and actual coordination between play-
ers including SmartMeter display board, rewards & real-time feedback
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Table 7.26 shows us that this rule allows us to correctly classify 29/38 =
76.3% of the players where the predicted event (deciding to coordinate when
SmartMeter display board, real-time feedback and chat are added on the in-
terface) was observed. This rule also allows to classify 35/49 = 71.4% of the
players where the predicted event was not observed. Overall our predictions
were correct 64/87 times, with an overall success rate of 73.6%. Recalling that
the prediction of coordination was 43.7% < 73.6% for the model with the inter-
cept only, these results show that when SmartMeter display board, chat and
real-time feedback are added to the interface, players coordinated their actions
to prevent possible blackouts.
Figure 7.26: Comparison between the predicted and actual coordination between play-
ers including SmartMeter display board, chat & real-time feedback
Table 7.27 shows us that this rule allows us to correctly classify 29/38 =
76.3% of the players where the predicted event (deciding to coordinate when
SmartMeter display board, rewards and chat are added on the interface) was
observed. This rule also allows to classify 36/49 = 73.5% of the players where
the predicted event was not observed. Overall our predictions were correct
65/87 times, with an overall success rate of 74.7%. Recalling that the predic-
tion of coordination was 43.7% < 74.7% for the model with the intercept only,
these results show that when SmartMeter display board, chat and rewards are
added to the interface, players could coordinate their actions to prevent possi-
ble blackouts.
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Figure 7.27: Comparison between the predicted and actual coordination between play-
ers including SmartMeter display board, rewards & chat
Table 7.28 shows us that this rule allows us to correctly classify 30/38 = 78.9%
of the players where the predicted event (deciding to coordinate when real-
time feedback, rewards and chat are added on the interface) was observed. This
rule also allows to classify 34/49 = 69.4% of the players where the predicted
event was not observed. Overall our predictions were correct 64/87 times, with
an overall success rate of 73.6%. Recalling that the prediction of coordination
was 43.7% < 73.6% for the model with the intercept only, these results show
that when real-time feedback, chat and rewards are added to the interface,
players coordinated their actions to prevent possible blackouts.
Figure 7.28: Comparison between the predicted and actual coordination between play-
ers including chat, rewards & real-time feedback
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7.4.4 Logistic Regression Rule/All Interface Requirements
Table 7.29 shows us that this rule allows us to correctly classify 29/38 = 76.3%
of the players where the predicted event (deciding to coordinate when Smart-
Meter display board, rewards, chat and real-time feedback are added on the
interface) was observed. This rule also allows to classify 35/49 = 71.4% of
the players where the predicted event was not observed. Overall our predic-
tions were correct 64/87 times, with an overall success rate of 73.6%. Recalling
that the prediction of coordination was 43.7% < 73.6% for the model with the
intercept only, these results show that when all the interface requirements –
SmartMeter display board, rewards, chat and real-time feedback – are enabled
on the interface, they promoted players’ coordination, and so players managed
to avoid a blackout.
Figure 7.29: Comparison between the predicted and actual coordination between play-
ers including SmartMeter display board, chat, rewards & real-time feed-
back
Figure 7.30 shows a P-P plot of Regression Standardised Residual, a graphi-
cal technique which is used to check the validity of the distributional assump-
tion that our residuals are normally distributed (i.e. the interface features are
effective); players coordinate their actions and avoid incipient energy problems
including the different interface requirements (SmartMeter display board, chat,
rewards and real-time feedback). Our criterion for normal distribution is the
degree to which the plot for the actual values coincides with the line of the
expected values.
In this P-P plot, the distribution is light tailed, the circles start out on one
side of the line, then they are almost exclusively on the other side for a quite
long stretch and then, they move back to the other side of the line. This be-
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haviour indicates skewing. Since no serious departures are observed and the
plot of residuals fits the pattern quite well, the conclusion that the residuals
are normally distributed is supported.
Figure 7.30: Normal P-P Plot of Regression Standardised Residual
7.4.5 Summary of Results
This section presented the experimental results using linear regression. When
no interface feature was enabled on the Social Mpower interface, only 43.7%
of players managed to coordinate their actions and avoid an energy problem.
When the SmartMeter display board and real-time feedback were separately
added to the interface, 55.2% of players managed to coordinate their actions,
but when chat was introduced the percentage of coordination increased to
73.6%. Based on the statistics, when rewards were enabled on the game in-
terface, players could not anticipate any occurring energy problems and thus,
they failed to avoid them. As discussed in Section 7.3 new incentives/rewards
should be examined and introduced to Social Mpower game. Finally, when
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all interface features were enabled (SmartMeter display board, chat, real-time
feedback and rewards) 73.6% of players managed to avoid a blackout.
7.5 summary
This chapter presented the experimental conditions and set-up of the Social
Mpower game, followed by the experimental results. This section gives some
thought to a more general analysis of the proposed interface requirements us-
ing the results presented above as a starting point.
Observation 1: New means of data visualisation should be examined as
the current SmartMeter display board does not provide all the essential infor-
mation for people to avoid a blackout. Moreover, users should be trained to
effectively use the SmartMeter display board and decode any information dis-
played on it.
Observation 2: Players mainly used chat to express their feelings and thoughts
regarding the game interface.
Observation 3: Rewards in the form of prize were not a strong incentive for
players to change their behaviour during the gameplay.
Observation 4: Real-time feedback should include details such as weekly
and monthly energy consumption.
Observation 5: Only 43.7% of players managed to coordinate their actions
when no interface feature was enabled on Social Mpower interface.
Observation 6: SmartMeter display board, chat and real-time feedback, added
separately on the game interface, helped players to better coordinate and avoid
an energy problem.
Observation 7: When SmartMeter display board, real-time feedback, chat
and rewards were enabled on the game interface, 73.6% of players avoided a
blackout.
8
S U M M A RY
8.1 overall summary
In this thesis we considered the problem of collective action in self-organising
communities in which there is no external control and it depends on their mem-
bers how they will allocate the available resources with long-term endurance
for the collective.
This was done in reference to a proposed serious game, the Social Mpower
game. This serious game was identified by analysing the exemplar domain of
smart grids, and in particular dCES. Formalising the problem of collective ac-
tion in a serious game for self-organising communities allowed us to propose
five interface features that are pre-requisites for shaping collective awareness
for successful collective action. Our test hypothesis was that the more interface
features for collective awareness are added in Social Mpower game, the more
often users can successfully coordinate their behaviour to avoid an energy
problem: in other words, increased collective awareness increases successful
collective action.
Briefly, the work presented in this thesis:
• Informally defines collective awareness as an attribute of a community
that helps its members to resolve collective action problems in socio-
technical systems.
• Establishes five interface requirements for enhancing collective aware-
ness; interface cues, visualisation, social networking, feedback and incen-
tives.
• Describes the system architecture, interface design and game scenario for
Social Mpower game in which players have to avoid a collective blackout
by individually reducing their energy consumption.
• Reports the results of experiments that show that the more cues for col-
lective awareness are added, the more often the players can coordinate
their actions to avoid a blackout.
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After specifying and implementing the Social Mpower interface, a game sce-
nario was defined, in which players within a specific amount of available en-
ergy they have to complete specific tasks. These two were combined in the
simulation platform to study players’ behaviour and actions in a collective ac-
tion situation.
Experiments showed that the different interface features had a significant
impact on users’ behaviour towards synchronisation and coordination of their
actions.
The implementation of the platform architecture was presented in details,
with the aim of helping system designers to exploit its capabilities and use it
as a generic framework for hosting different interfaces and virtual worlds.
8.2 summary of contributions
In more detail, the main contributions of this work are the following:
• A critical analysis of smart grids as an exemplar domain for large-scale
self-organising systems. This analysis identified:
1. Smart grids assume that energy consumers will somehow and auto-
matically adapt to the new technologies in a positive way, but active
participation cannot be guaranteed to produce the intended results.
2. Neglecting the user-infrastructure interface hampers the active con-
sumer participation.
3. Smart Meters are mostly a data collection device which is not sup-
portive of collective awareness, and they are perceived as the impo-
sition of a centralised, controlling technology with main emphasis
on pricing and energy markets.
• Definition of dCES as a type of Smart Grid, which group different resi-
dences, geographically co-located, and form a CPR for locally generated
and stored energy. In detail:
1. They include PV cells installed on the roofs of the residences, wind
turbines and other sources for renewable energy generation and
storage.
2. Use of ‘distributed batteries’ to help with the issue of storage.
3. Each residence has a number of electrical devices the occupants
wish to use.
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4. Occupants have to provision to, and appropriate from, a common-
pool energy resource.
5. Occupants need to collaborate and synchronise their individual ac-
tions to prioritise the energy distribution and avoid blackouts, achieve
a ‘fair’ resource allocation and sustain the community for the long-
term.
• Identification of different requirements as sufficient conditions to pro-
mote collective awareness for successful collective action:
1. Interface cues: users participate in a collective action situation;
2. Visualisation: appropriate presentation and representation of data,
making what is conceptually significant perceptually prominent;
3. Social networking: fast, convenient and cheap communication chan-
nels to support the propagation of data;
4. Feedback: individuals need to know that their (‘small’, individual)
action X contributed to some (‘large’, collective) action Y which
achieved beneficial outcome Z;
5. Incentives: typically in the form of social capital (Ostrom and Ahn,
2003), itself identified as an attribute of individuals that helps them
solving collective action problems.
• Encapsulation of at least 3 of Elinor Ostrom’s principles of self-governing
institutions for enduring and sustainable common-pool resource manage-
ment (Ostrom, 1990). In particular, we note:
1. Clearly defined boundaries: who is a member of an institution, and
what resources are managed.
2. Monitoring: users control in real-time their energy consumption.
3. Graduated incentives: a reward scheme (prize) to give players a sense
of achievement.
• Design and development of a serious game, the Social Mpower, in which
players have to self-organise the distribution of available energy resources
in an economy of scarcity. Social Mpower:
1. Presents a simplified and idealised scenario of smart cities which
enhances the game experience and awareness on energy use.
2. Enables players to understand the implications of energy decision-
making in an animated environment.
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3. Awares players on energy use and enables them to understand that
they should unite into a group to effectively resolve a collective ac-
tion problem.
4. Enables players to understand that any small individual action will
contribute to resolving any upcoming energy problem.
• Design and implementation of an architecture platform which includes
three different components:
1. Presage2 – A platform for simulating large populations of heteroge-
neous agents. It enables inter-agent communication, event recogni-
tion, state representation and changes, multi-threaded simulations,
and simulation of all the different objects.
2. OpenSimulator – A 3D application server to support real-time inter-
actions.
3. Imprudence – A viewer to display animated virtual worlds and build
a 3D immersive environment.
• A number of experiments testing the thesis hypothesis that the more
interface features for collective awareness are added to the Social Mpower
interface, the more often users can coordinate their behaviour to avoid a
blackout. The findings are:
1. The SmartMeter display board enabled players to anticipate an en-
ergy problem and better coordinate their actions.
2. Only a low percentage of players was not willing to share personal
information regarding their energy use.
3. Rewards were not a strong incentive for players to change their be-
haviour and thus, avoid an energy problem.
4. Adding the SmartMeter display board, chat, rewards and real-time
feedback enabled players to coordinate their actions and thus pre-
vent incipient energy problems.
• Definition of a set of interface design principles for ‘smarter’ socio-technical
systems which promote successful computer-supported collective action:
1. Visualisation: Appropriate data representation to underline the im-
portant elements of a socio-technical system.
2. Social networking: Communication channels in the form of chat to
enable users to coordinate and synchronise their individual actions.
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3. Feedback: Users can see in real-time how their individual actions con-
tribute to the collective.
8.3 limitations
This section discusses some limitations in the presented work and the asso-
ciated solutions. These limitations regard scalability, effectiveness of interface
features to enhance collective awareness, design challenges and players’ be-
haviour during the gameplay. Eventually, all these limiting factors in combi-
nation with the proposed solutions and further work will decide whether or
not Social Mpower game can provide the essential collective awareness to enable
players coordinate and synchronise their actions in a collective-action situation.
• Scalability In the scope of experimental set-up and conducted experi-
ments, we believe that scalability is not a problem that prevented us to
collect the effect of collective awareness. This is due to the relatively sim-
ple method used for data collection (questionnaires). Currently, the Social
Mpower interface hosts three different houses, meaning that only three
players can play simultaneously. Increasing the population of houses by
a large number does not typically yield much more information regard-
ing players’ performance.
However, in real-world applications, scalability is of greater concern. Add-
ing more houses to the interface will convert Social Mpower game to a
massive multi-player game. Having more players and agents (e.g. 100
users) to play simultaneously, could help us to better test players’ coor-
dination and synchronisation of individual actions in a collective-action
situation, and this could be an important factor for game’s capability
to promote successful collective action. Significant factors that could re-
strain Social Mpower from becoming a massive multi-player game are the
low possibility of finding many players to play at the same time, the time
constraint of the gameplay (it usually lasts 30 minutes), and the network
loading.
• Interface Features The experiments in Chapter 7 evaluated the effective-
ness of the different interface features to enhance collective awareness
and promote collective action in a virtual energy community. The Smart-
Meter display board, chat and real-time feedback enabled players to bet-
ter coordinate their actions however, rewards were not very effective in
enhancing collective awareness. In more detail:
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1. Chat was not used in an appropriate way and thus in some cases,
players did not manage to communicate incipient energy problems
to their co-players. Chat was mainly used for social communication
rather than informing others for energy-related issues.
2. Rewards were not a strong incentive for players to change their be-
haviour and try to achieve the common goals. If another type of
reward is included other than prize, it could probably incentivise
more the players.
3. Real-time feedback in the form of instant messages including to-
tal energy consumption and operating time of the individual appli-
ances did not really help players to better coordinate their actions.
Real-time feedback should be in the form of visual representation
so that players can relate their energy consumption to a figure or
diagram.
• Design Challenges In Section 6.8 we mentioned different challenges that
players encountered during gameplay. The key challenges regard:
1. SmartMeter Display Board – During the gameplay, players should
check their energy consumption to ensure that they have not ex-
ceeded the limit, and this was done by checking regularly the Smart-
Meter display board. Checking regularly the display board means
that players should quit their tasks or world exploration and go back
to their house. It would be more convenient and efficient if players
receive alerts that inform them about their available energy, and so
there would be no need to constantly check the SmartMeter display
board.
2. Chat – In Social Mpower interface there are four different types of
chat which confused the players. In some cases, this miscommuni-
cation prevented players from being coordinated and synchronised
and it resulted in unsuccessful collective action. Only one type of
chat would be more effective and would promote a better commu-
nication between players.
• Players Users can adapt quite easily to new technologies and become
familiar with concepts such as virtual worlds, smart meters and smart
interfaces. Although it was very easy for them to use the Social Mpower
game and understand concepts such as energy savings and grid sustain-
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ability, they found it difficult to coordinate and synchronise their actions
to prevent an energy problem, i.e. a blackout.
Users are not still proactive to a collective action problem because they
have not received the appropriate training or they are missing the essen-
tial collective awareness to understand that they are impacted in a collec-
tive action situation in which any small, individual action contributes to
some large, collective action.
8.4 future work
There are several aspects of research we consider for future work. These in-
clude the improvement of the Social Mpower interface with additional features,
players’ access to the game and the transition from a virtual world to real-
world applications (e.g. ‘smart’ houses).
Ostrom’s Principles The goal is to encapsulate all of Elinor Ostrom’s prin-
ciples for enduring self-organising institutions in Social Mpower game. Adding
these principles will ensure a ‘fair’ share of resources among all players of the
game. These principles are the base of demand-side self-organisation and they
should be supported by both the interface and the rules of Social Mpower.
Assembly Room As it was mentioned in Section 5.5, the Assembly room is
a house in the Social Mpower game that only serves as a gathering room for the
players. The Assembly room could be used as a common space where players
vote for the allocation and distribution of the available resources. In a self-
organising community such as Social Mpower, there should be a different room
where all players gather and discuss their needs about energy. Based on those
needs which may vary from day to day, the energy allocation will be organised.
Players could also organise strategies to achieve their common goals and vote
for the rules of the game.
Multi-Player Game As it mentioned above, Social Mpower game should be-
come an online multi-player game. Several independent players could form
teams and play over the internet. Becoming a massive multi-player game would
enable us to test the effectiveness of collective awareness since there will be
many players playing at the same time, and they should synchronise and com-
municate effectively to notice and prevent potential energy problems. Social
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Mpower could also become a mobile application that players could play any-
where (e.g. homes, buses and trains) and at any time.
Smart Houses Other research directions include gamification of the ‘smart’
houses, so that appliances in the game could be directly related to appliances
in the ‘smart’ house, and actions in the real world could affect the state of the
Social Mpower game. In this context, the use of the SmartMeter display board
for visualisation and synergising computational intelligence with human (so-
cial) intelligence could have a profound impact on collective action.
8.5 final remarks
The final chapter of this thesis focussed on the main contributions and limita-
tions of the work presented, including some interesting lines for further work
to be carried out. This thesis presented a new serious game, the Social Mpower
game, as well as a novel architecture platform and interface design that can be
used in the future as a testbed for similar applications. More importantly than
these things however, is the contribution to the wider awareness of consumers
regarding limited and depletable resources.
The work presented in this thesis will make a contribution to the comple-
tion of the EPSRC programme "The Autonomic Power System", which focuses
on the electricity network of 2050. Especially, my research was focused on ac-
tive consumer participation and the use of a serious game, the Social Mpower
game, to leverage collective awareness in support of grid operations. The Social
Mpower game has been demonstrated in various conferences, workshops and
other research programmes (i.e. HubNet: Research Leadership and Network-
ing for Energy Networks).
In conclusion, we would argue that this prosocial self-organising approach
to demand-side energy management offers an opportunity to empower users
in their different roles in (or relations with) the infrastructure (e.g. prosumer,
citizen, investor, etc.), and that this will lead to more responsive and sustain-
able energy use.
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A
A P P E N D I X
This appendix presents the instructions and the questionnaire used for the ex-
periments.
In each gameplay which lasts about 30 minutes, there is a group of maxi-
mum 3 players co-located in the same virtual world. The experiment controller
hands out the game instructions and checks that all the experimental condi-
tions are met (e.g. players fully understand the instructions, no external fac-
tor intervenes in the gameplay, players only communicate through chat). The
game manager assigns the available energy to all players and then the game
starts. When the gameplay finishes, the experiment controller hands out the
questionnaires the players should complete.
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Figure A.1: Social Mpower Experiment Instructions
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Figure A.2: Social Mpower Experiment Questionnaire
